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FOREWORD 


This treatise utilizes a unique opportunity. During the last few 
decades an immense body of accurate information on reproductive 
phenomena in all higher animals has been gleaned. F. H. A. Marshall 
had the distinction of producing a pioneer account of these phenomena 
in an era preceding the development of endocrinology. 

The immense usefulness of domestic animals to man very quickly 
focused attention on tlie physiology of their reproduction. Their study 
constituted, of course, a very significant part of Marshall’s classic 
treatise, but the detailed study of each of these forms has been the 
product of only the last twenty or thirty years. In this present volume 
tlie results of Aese studies have been brought together and synthesized. 

The primary object of tliis effort consists in the attempt to bring about 
a fuller understanding of the complex mechanisms involved in reproduc- 
tion in order to utilize such an understanding in breeding farm animals. 
Such an aim can be accomplished solely by sound knowledge of the in- 
tricate internal mechanisms (nervous and endocrine) of reproduction and 
of the external factors (food and environment) which play vital roles 
here. The effort to understand these controlling mechanisms is set forth 
here. Physiological phenomena are tlie main concern. Genetics is not 
treated in detail, although consideration has been given to the influence of 
heredity on many reproductive phenomena. 

Perhaps one of the most striking series of events in the early history 
of study in this realm was created by three investigations concerning 
small laboratory animals. The three papers were those of Stookard and 
Papanicolaou on the guinea pig, of Long and Evans on the rat, and of 
Edgar Allen on the mouse. They demonstrated that the sequence of 
steps in the development of the so-called “estrous rhythm” could be 
clearly shown by the types of cells found free in the vaginal fluid. It 
appeared, indeed, for a time that tire application of tiie vaginal smear 
method would be all tiiat was required to segment tlie stages of the 
estrous cycle in all animals. Early studies by Hammond in the cow, 
by McKenzie in the sow, by Andrews and McKenzie in the mare, and 
by Cole in the cow and ewe did not substantiate tiiis optimism; tiie 
beautifully distinct changes seen in the vaginal lochia of small rodents 
were peculiar for the smaller forms. Only in the dog, as determined by 
Evans and Cole, was the estrogen level high enough for pronounced 
vaginal comification whicli divulges ovarian changes. We were quickly 
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(oiced back to old-tasbioncd but eminently reliable observations of such 
matters, for instance, as changes in behavior. 

In behavior changes the internal mechanisms, both endocrine and 
nervous, are, of course, at work. External controlling factors are also be- 
coming loiosvn with increasing accuracy. Two domestic species, the 
ewe and the mare, are seasonal breeders. Tlic reader will find licre a 
discussion of the fact that the sexual season is induced in the ewe by 
withdrawal of light, and in the marc by increased light, as bad been 
previously tound in birds. Tile role of temperature is also deGnito, for 
it may delay the onset of the ewe’s sexual season, cooling hastening 
this event. 

The endocrine changes in pregnancy have led, as is well knonn, to 
dramatic discoveries, for example, that of the very high hemal titers 
in female sex hormone in the pregnant marc (subsequently amazingly 
found in the stallion) and in reliable pregnancy tests. Perhaps nothing 
is stranger than the similarity between the mare and women in high 
pregnancy estrogen and gonadotropin liters. In tl\c maic, unlike the 
situation in women, the gonadotropin appears to be secreted by maternal 
structures called endometrial cups and not by the chorionic tissue of her 
offspring, although estrogens are secreted by the chorion in both forms. 
Explanations for the sudden great overproduction of these gonadotropins 
are not at hand. 

The tremendous importance of artificial insemination in animal 
breeding has served as a stimulus for intensive research on spermato- 
genesis, on the biochemistry of semen, and on the factors influencing 
sexual libido and sperm producUon. It is perhaps in this area that some 
of our knowledge in domestic animals compares favorably with, and in 
some instances surpasses, that available in laboratory animals. 

li *is beautiful treatise can thus serve as an impetus for the acquisi- 
tion ol new, necessary, and especially quantitative data, measuring all 
f xvill have been abnndLtly 
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PREFACE 

Designing a book to be useful as a text for advanced undergraduate 
and graduate students, for research workers in the field of reproduction, 
and for veterinary clinicians presents an interesting cliallenge. Beyond 
furnishing an anatomical background, the first six chapters of this book 
outline modem concepts of reproductive physiology in mammals. The 
remaining portions deal more specifically with reproduction in domestic 
animals; the authors, nevertheless, have not hesitated to draw upon 
knowledge of these events in laboratory animals where they have been 
elaborately worked out tliere. Because of its size, tiiis treatise has been 
divided into hvo volumes. 

Differences in interpretation are not uncommon; the editors have 
neither desired nor attempted to harmonize viewpoints. These differ- 
ences reflect the incompleteness of our knowledge. For instance, follicle 
stimulating and luteinizing hormones, as purified from anterior lobe 
tissue, have not been clearly demonstrated in the blood or urine of any 
species. Some authors have assumed tliat both are true hormones and 
actually secreted; others have taken a more cautious position. 

Usage of terms has, to some extent, been standardized. Consistent 
usage of the terms "metestrus,” “diestrus,** and “anestrus” has been 
difficult to achieve. Inadequate knowledge of the intimate changes in 
the reproductive organs when Walter Heape introduced the terms 
accounts in part for tliis difficult; species differences in secretory activity 
of the ovary during the postestrous interval with resulting variations in 
the complexity of development of tlie accessory structures is a second 
complicating factor. Although agreement on the use of these terms 
would be desirable, the problem is obviously too involved to effect 
uniformity in the present volumes. Action by appropriate bodies to 
standardize usage of these terms would be desirable. 

The editors take tliis opportunity to express tlieir appreciation to 
the authors for preparing their chapters meticulously and promptly. 
E.xcellent cooperation by die authors is evidenced in that scarcely more 
tlian a year elapsed bebveen receipt of the first manuscript and publica- 
tion of the book. 

For many years reproductive physiology has been greatly enriched 
by the signal contributions made by Dr. Herbert M. Evans and his 
colleagues. Many, including the senior editor, have benefited from n 
sojourn in tlie inspirational atmosphere of his laboratory. Our tljanks 
arc due him as author of the Foreword. 

ix 
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We should like to express our thanks to Miss Lee Doyle and Mrs. 
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I GeVEIUL liNTnODUCriON 

The folloNMng account of the female reproductive tract deals with 
mammals, and is based in part on domestic animals It reflects know I 
edge recorded in the period from 1950 to 1957, but includes older ob 
servations as well It has illustrations obtained from the writer’s dis- 
sections of fetal calves * 

Brief remarks about the ‘nuclear chromatin body’ in somatic cells 
ma) be useful with respect to the problem of recognizing the sev of in- 
dividuals in doubtful cases The finding of tins body m a majority of 
the examined cells is regarded as evidence that the individual is a genetic 
female with a pair of sex chromosomes, XX, if tins body' is in only a few 
of the cells, the individual is probably a genetic male with the XY sex 
chromosomes (cf references 81 and 153) 

The incidence of tins body seems to have value in diagnosing the 
genetic sex (a) m cases of ovamn agenesis or dysgenesis (69, 87, 96), 


" The fetuses for this purpose were collected in person at the Butusch Packing 
Company, St Pvul Minnesotn through the courtesy of Mr R E Bnrtusch and Dr 
C M Crouch 
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(b) in embn’OS too young (“indi0erent stage'’) to show the morpho- 
logical differentiation of se^ (39, 40, 104, 153); and (c) in human fetuses 
in utero [by examining the cells in the amniotic Buid (81)]. 

The bibliography has several references to works which in the text 
are not discussed in detail; texts on the anatomy (123) and histolo^gy 
(34, 131) of domestic animals; a treatise on veterinar)’ obstetrics (11"); 
an atlas of fetal and neonatal histology' (133); monographs on patterns 
of reproduction (2) and the physiolog)' of the uterus (116); a short 
account of the development of the reproductive organs (59); a con- 
sideration of the endocrinolog)’ of the ovary' (132); a review of the 
morphology of the reproductive tract (31); rex'iews of cyclic changes in 
the ovary (12) and in the accessory' reproductive organs of the non- 
pregnant female (32); reviews of the physiology of reproduction (44, 
52, 71 , 95, 121 ) ; studies of dimensions and weights of fetal calves ( 35, 9S, 
99, 150) and sheep (43); and a review of the human ovarv’ in pregnancy’ 
(97). 

11. DEVELOP^IE^•T OF TIIE FeMALE RePBODUCTIVE OrCANS 
Our understanding of this subject has been increased by the avail- 
ability' of a closely graded series of human embrv’os and of monkey 
embryos of known age. Accordingly', we are especially indebted to 
C. H. lleuscr (58) for liis incomparable techniques in embryos, to C. G. 
Hartman (51) for mastering the menstnial cycle in the rhesus monkey 
and then obtaining accurately timed embry’os, and to the late G. L. 
Streeter (129) for placing the human embryos of the Carnegie collection 
into age groups or developmental horizons. 

A. Ovartj 

Tlic early development of tlie ovary* involves the formation of three 
sVructvual elements: primordium, gonadal blastema, and primary sex 
cells. Tlie primordium is a local thickening of the mesothelium (coelo- 
inic cpilhcliiim), which is lateral to the base of the embryonic mesentery'. 
Here the basement membrane disappears, and the proliferating mesen- 
chymal cells sink into the subjacent mesenchv’me. Such migrating cells, 
together with locally proliferating mesenchyme, comprise the gonadal 
blastema (47), U is reported lliat this blastema eventually gives rise 
to the primary sex cords, to the rcle cords or tubes (rcte ovarii), and, 
in a male gonad, to the interstitial cells of the testis (47). As to the 
primary sex cells, we have recent agreement that in man thev' do not 
originate in the gonad itself. One view is that they arise from the 
entoderm of the hindgul and enter the gonad hv migrating alon" the 
embryonic mesentery' (152). A recent work subscribes to ibis view 
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(101). A second and less definite view is that the sex cells arise outside 
the gonadal blastema (38). 

The developing gonad soon acquires a set of primary sex cords from 
the gonadal blastema [Gruenwalds view (47)], the old view is that 
the cords anse exclusively from the mesenchymal primordium of tlie 
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Fig 1. \'entral aspect of tlie developing reproductive organs in each of two 
bonne embnos of 22 mm (crowm-nimp). The embrjos are estimated to be about 
40 dav-s of age (150). The^ are too joung to show morphological set differentiation 
(indifferent stage). The grownng tips of llie Mullerian ducts have not )et reached 
the cloica. Stained sections of the gonads show pnmart set cords (not illustrated) 
Magnification: X 6.1. (L J Wells, unpublished ) 


gon.id. At the time when these cords appear (Fig. 1), it is not possible 
to determine whether the gonad is to become an ovar\* or a testis (the 
indifferent stage), unless it eventually turns out that the incidence of 
the nuclear chromatin body in somatic cells is a reliable criterion (153). 

Tlic ovarian secondarj' sc\ cords appear at a time when a thin lajcr 
of connective tissue separates the primarv' sex cords from the meso- 



ix>tnN' j. Avi:ijj; 


, . Tl,^ mcmlhclium splits into two layers, Irasal and super- 

t'T'du- httcH?n!n“<!'o ^ T). basal layer gives rise to the 
..coiiilarv corcU, and in this process, ' 

paite.u of development has been reportt-a m the rat (13U). 
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Fig. 2. Developing reprodoctive organs in a bovine fetus of 40 mm. (about 
50 days). The familiar crossing of the two sets of ducts, Wolffian and Mullerian, is 
more evident in the field of a dissecting microscope than in the photograph presented 
The fetus is probably a male. Magnification: K 55. (U, WelU, unpubUshed) . 


In the ovary of the human embryo, Gillman derives the follicular 
granulosa cells from the mesothelium (38). He also derives the cells 
of the theca from mesenchyme. 

The topography of the developing ovary in man has been depicted 
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in illustrations obtained from models (61). These pictures fail to show 
the suspensory ligament of the gonad, a ligament by which the gonad 
is suspended from the diaphragm. Tliis ligament, a duplication of 
peritoneum, is shown in Figs. 3 to 8 [see also Fig. 33 in a paper by 
Wells (144)]. 
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Tir. 3 Ventral aspect of tiro reprodiicln c ori*ans in n female Iioeinc fetus of 
111 nun (70+ tl.ijs) (150) The inammare pHntl has been esciseel, photocraphe el 
sepaniteTv, anti presfnte'l as an insert MagiuRcation X 2.5 (L J. Wells, iin- 
pulihslictl ) 

it is s.iid tlut the mesolltclitim continues to form non ov.t ehiriiig 
the fetal period of man (IIS). it wonkl seem that this phenomenon 
ocenrs in tiie fetal monkey, as is snggeslcd by Fig. 9. In any event, there 
are many primordial follicles m the ovaries of ness horn human infants, 
more than 700,000 accoreling to one set of counts (8). 
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The ovarian follicles may undergo maturation before birth; and, in 
man, certain follicles may be multiovular (3). The absence of multi- 
nuclear ova in the fetal ovaiy’ suggests that the presence of such ova in 
the postnatal period is due to the absence of maternal gonadotropic 
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has been reported that the interstitial cells are detectable in a human 
fetus of lunar months (118). 

The medullary sex cords of the human ovary, the homologues of 
the seminiferous tubules of the testis, usually disappear prior to birth. 
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ITc. 7. Vcnlr.ll aspect of tlic rcprorhictivc tract in n fcin.ilc Imvinc fetns of 
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Germ cells are present in all such cords until the latter structures dis- 
appear, almost always by the 9th lunar montli of gestation (36) 

The ponderal growth of the ovaries has been studied in the fetal 
dog (74) In fetuses up to 40 grams of body weight, the ovaries weigh 
less than the testes At 440 grams, the reverse is true, the ovaries testes 
ratio being 2 36 to 1 

B Utcrme Tubes, Uterus, and Vagina 

The uterine tubes, uterus, and possibly the upper portion of the 
vagina are derivatives of the Mullerian (paramesonephric) ducts: At 
least the lower portion of the vagina, or perhaps all of it, originates 
from the ventral portion of the cloaca (the urogenital sinus) 

The Mullerian ducts are m process of formation in a monkey embryo 
of 36 days and in human embryos of about 37 days (ovulation age), 
according to Streeter (129) The first step in this process is a thickening 
of the mesothelium (coelomic epithelium) at the cephalic end of each 
mesonephros Then folIo\\s an imagination of tins mesothelium to 
produce the ostium of the duct Tlie growing lip of each duct is at first 
solid (cf Fig 1), and is situated mferiorl) (caudall)) Tins tip even- 
tually reaches the urogenital sinus portion of tlie cloaca and, being solid, 
ends blindly m the dorsal wall of the urogenital sinus on the Mullerian 
tubercle (61) 

In its downward growtii each Mullerian duct follows the course of 
the mesonephric (Wolffian) duct (cf Figs 1 and 2) In fact, we have 
endence that the Wolffian duct induces the formation of the Mullerian 
duct hy acting as an embiyonic organizer (45, 46) The evidence is 
threefold First, the e\perimenlal interruption of the Wolffian duct m 
the chick embryo prevents the Mullerian duct on that side of the body 
from reaching the cloaca (45) Second, absence of the Mullerian duct 
in man is associated with absence of the kidney on tliat side of tlic 
bodv (60), since 1932 we have known that in man renal agenesis ma) 
he altributcd to retardation in development of the ureter, to enihr)onjc 
agenesis of the ureter, or to arrest in development of the parent tissue 
of tlie ureter, i c, tJie Wolffian duct (11) Tlie third ev'idcnce is that in 
voung cmbr}os the Mullerian and Wolffian ducts iirc intimately asso- 
ciated with e<icli other, without any intervening basement membrane 
(-16) 

In the cnibiyonic region of tlic future pelvis, tlie nglit and left Mul- 
len in ducts fuse with each other to produce the uterovaginal cainl 
(cf Fig 2), tlie forcninncr of the uterus and possible of the upper part 
of the vagina (61). It would seem that iii nun anv cmhrvonic hulnt- 
tion of Mullen in duel hv the Wolffian duct in a fcmile is CT)m]3lek(l |j> 



I tMCX J. WELLS 


'■ stage when male cmhrjos show the beginning 
' Miillerian ducts (60), ^ _ 

ts are attached to the body wall in the inguinal 
1 1 ,ie,nncnts, the genito-inguinal ligaments, as shown 
ligaments in later life become the round ligaments ot 
i.nak'S or the goremors of the testes (gubernaculi) m 
' i.i mates (Fig. 2), after the regression of the Mullerian 

, , , ,1 i.einaeuii are attached to the Wolffian ducts in the region 

. !!w )i. .’.iv epk\u\sTnides (137). 

, 1 e J. vcloping uterus in man is at first vertically situated, lacking 
1 . 1 * i.ur anteversion and anteflexion (61). During fetal life the cerxix 
uion grows more rapidly t\\an t\»c corpus. Up to the 7th lunar monl i 
<if pregnancy, the length of the human nlcrus shows a lineal increase 
(122). Next, the uterus enters a phase of augmented growth which lasts 
until birth. Then, in the first three postnatal weeks, the uterxis loses 
length until it exhibits essentially the dimensions it would have had if 
the early lineal increase (rate of growth) had remained unchanged. 
These observations suggest that placental estrogen is a causative factor 
in the augmented phase of uterine growth before birth. 

In the uteri of 169 newborn infants, 28^ showed a secretory type 
of endometrium, and 57t> showed a progestational type which included 
a decidual reaction (100). Tlicse observations point to the stimulating 
action of the progesterone of pregnancy. The decidual reaction is in- 
terpreted by Ober and Bernstein (lOO) to mean that progesterone 
crosses the placental membrane and that this hormone itself produces 
the decidual reaction via the Arlhus phenomenon. 

Tlie embrj'ology of the vagina is of special interest for two reasons. 
First, carcinoma of the cervix uteri may originate in the vaginal portion 
of the cervix (portio vaginalis). Second, a common feature of female 
pseudohermaphroditism is absence of the lower portion of the vagina, 
in which case the existing upper portion of the vagina opens caudally 
into an abnormally persisting embryonic structure, the urogenital sinus. 
Sv\ch a sinus would receive urine via the urethra and menstrual blood 
via the vagina, as is the case in adult pseudohermaphroditic monkeys 
(genetic females) which are obtained experimentally by giving testos- 
terone propionate to their mothers during pregnanev (148). 

The human vagina, according to one description, has a dual origin, 
the upper four fifths arising from the uterovaginal canal (fused Mul- 
lerian ducts) and the lower one fifth from the urogenital-sinus portion 
of the emhrj’onic cloaca (70). The primorclia of the lower one fifth, 
called smovaginal bulbs, are bilateral dorsal evaginations of the uro- 
genital sinus. 
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A different Mew has been presented by Meyer (89) According to 
this view, the Mullerian ducts contribute no more than an original 
frameN\ork of the upper vagina Eventually the epithelium of this 
Mullerian framework disappears, and the entire vagina becomes lined 
by epithelium which migrates upward (cranially) from the urogenital 
sinus 

Meyers view is supported by obsen^ations in opossums and monkeys, 
especially in regard to the cellular nesponses to estrogen In the opos- 
sum, the epithelium of the urogenital sinus migiates upward as far as 
the cerMx uteri (18) But this epithelium is thought to arise, v holly 
or in part, from the ectodermal portion of the cloacal membrane after 
the rupture of that membrane In monkeys special attention is directed 
to tlie histogenetic potency of the cloacal region (154) There is no 
apparent line of histological demarkation separating the proliferative 
response of the \agina to estrogen from that of the vestibule of the 
\ul\a, and, in certain species, from that of skin ("sex skin”) lying be)ond 
the \ uK a 

In line ^^lth Me)er’s view is the obser\ation that in the human fetus 
the epitliehum of the external os of the cervLx uteri degenerates and 
IS shed, producing the condition knoun as pseudo erosion congenita 
(61) Meyer’s view is confirmed by newer obser\ations (14, 110) The 
upN\ard extension of epithelium of the urogenital sinus throughout the 
length of the vagina is completed by the 140 mm stage ( 14 ) The 
‘boundary line” of junction of the two onginal elements of the de\elop 
mg \agina (utero\aginaI canaf and urogenitaf sinus) is estimated to 
lie in the xagmal region of the cer\ix uteri near the posterior foi-mx 
of the xagina (110) 

One worker suggests that the Wolffian ducts contribute cells to the 
developing human vagina (134) This possibility is not supported 
b) other published obser\ations (13) Carrs work in rabbit embrxos led 
him to conclude that in this species the Wolffian ducts do contribute 
cells to the vagina (21) 

III Experfmcntal Studies or tiil Role of the DEMXonxc Gonads 
IN Sfa Duterentiation 
A Prcoicto 

Three preliminar) considerations should be introduced First, it is 
gcncralU agreed that in pliccntal mammals the Jjonnoncs of prcgn<U)c\ 
influence the dcxelopmcnt and growth of the rcprodiictuc organs Tlio 
hormones of pregnane) hasc, howexer, three possible sites of origin 
the pregnant fcmile, the cnibrxo, and the placenta Hence, the de- 
tection of a causal relation between an indiMdiial honnonc and an m. 
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dividual de\ eloping organ involves complications, including the passage 
of certain hormones tlirough the placental membrane and the nonpassage 
of other hormones (eg, “placental barrier”) 

Second, for 40 }ears we have had Lilhe^s theoretical explanation of 
the “free martin,” a sterile bovane female born co twin with a male (77) 
The essence of this tlieorj" is that testicular androgen from the male twin 
brings about tlie free martin condition in the female tw in Despite many 
attempts to duplicate experimental!) the free-martin condition in mam- 
mals, none has been successful 

Tliird, any androgen produced by the fetal testis is not necessarily 
identical with one of such steroid hormones as androsterone, testosterone, 
and testosterone propionate This matter should be hept in mind in 
considering, for example, the fact that m the rhesus monke) the experi- 
mental introduction of testosterone propionate into the maternal cir 
culation during pregnancy ma) induce in a female fetus the abnoimal 
condition of female pseudohermaphroditism (148) The significance of 
the ovarian medullary cords (Fig 9) is not enbrely clear 

B Ohscrvotions tn a Nonplacental Movimal 

The placenta as a source of hormones has been ruled out b) choos 
mg as experimental animal the opossum (DidcJphts), a nonplacental 
mammal with a marsupium (90, 91) The >oung are sexuall) undiflFeren- 
tiated at birth Bv the 20tli postnatal da) the male shows a few prostatic 
buds, and the female has Mullerian ducts which have reached the uro 
genital sinus ^^^len males and females were gonadectomired on the 
20th da) and permitted to live for several weeks, the development of 
the reproductive tracts was essentially normal up to the prepuberal 
stage (subsequent to day 100) This observation suggests that if the 
dev eloping gonads secrete sex hormones, these hormones arc not essential 
for a continuation of sex differentiation 

Tlie effects of introduced estrogen upon the testes of newborn 
opossums attract attention (19, 20) In a few cases the testes were 
converted into ovotestis-like organs, but the induced cortex lacked sex 
cells In other cases, the induced cortex contained gonoc)tes and pn 
mordial follicles (20a) 

Tlie influence of introduced sex hormones upon tlie developing ac- 
cessor) reproductive organs of newborn opossums of bolli sexes has 
been reviewed (20, 91) 

C Observations tn Placental Maintnals 

Technical ad^anccs have opened up new horizons for investigation in 
placental mimmals Fetal rats were subjected to castration (13S) and 
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to repeated subcutaneous injections of gonadotropin (139, 1-1-). Fetal 
rats were deprived of their h\iiopliyscs by decapitation (141). A 
method of castrating fetal rabbits was described (64). In mouse cmbr)'Os 
the gonads or hypophyses were destroyed by passing narrow beams o 
X-rays through the uterine wall, fetal membranes, and particular regions 
of the fetus (114, 115). In fetal rats the developing reproductive tracts 
were explanted fn toto, without gonads, or together with gonads of the 
opposite sex; sometimes, crystalline steroid hormones were added to the 
culture medium (112). 

I. Males 

From work in fetal rats, rabbits, and mice, we have several lines of 
evidence that the developing testes produce a male sex hormone (an- 
drogen) and that this hormone stimulates the development and growth 
of the male accessory reproductive organs: (a) absence of the testes 
retards the development and growth of the male accessor)' organs of 
reproduction (64-66, 112-114, 140, 143, 145-147); (b) this effect can 
be prevented, by means of crystalline androgen, in fetal rats (112, 140, 
143, 145-147) and rabbits (64-66); (c) it also can be prevented by 
explanted fetal testes (112); (d) the ustial pattern of changes caused 
by bilateral castration is not induced by unilateral castration in fetal 
rats (147) and rabbits (64); (c) the changes following bilateral castra- 
tion are not induced by subjecting norma! fetal rats to bilateral adrenal- 
ectomy (68). 

Although it is possible that the fct.il h)'pophysis cerebri produces 
a gonadotropin which influences the functioning of the fetal testes, the 
writer is not aware of such proof. Depriving a fetus of the hypophvsis 
does not induce any major changes in the development of the reproduc- 
tive tract (66, 113, 145). Tlie latter observation should not be taken 
to mean, however, that the fetal testes lack the ability to respond to a 
gonadotropic stimulus. The reverse is actually the case, because in- 
jected chorionic gonadotropin increases the number, size, and granu- 
larity of the interstitial cells of the fetal testis (139). 

2. Feiruiles 

It is not clear as to whether the feta! ovaries produce sex hormones 
which influence the development and growth of the female accessor)' 
organs of reproduction. In fetal rabbits and mice which are experi- 
mentally deprived of the ovaries, the accessory reproductwe organs 
show a continuation of differentiation (64, 113, 114). \\^en the female 
reproductive tract of the fetal rat, minus ovaries, is explanted onto cul- 
ture medium, the accessory organs develop as well as if the ovaries 
were present (112). 
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Destruction of the growing h^'pophysis in the mouse embiyo by 
means of X-rays is followed by a reduced number of germ cells in the 
ovaries (113, 115). The present wnter does not know' if this observa- 
tion points exclusively to tlie experimentally produced absence of a 
fetal hypophyseal gonadotropin or to such nonhormonal factor as a 
direct and injurious effect of the X-rays upon the female sex cells 

The development of tlie ovaries in fetal rats may be hastened ex- 
perimentally by small doses of injected gonadotropin (128) This effect 
IS not produced by large doses of chorionic gonadotropin (139) 

D OverDiew 

We shll have imansw'ered questions about the role of the fetal 
gonads in sex differentiation As an extension of Lilhes theory (77), 
but based also on additional obser\'ations, we have a published view' 
tliat in males the testes bring about the differentiation of the male ac- 
cessory organs and prevent the formation of female structures, and 
that in females tlie ovaries do not influence sex differentiation (65) 

This view' involves several interpretations, two of w'hich may now 
be considered briefly The first deals with tlie effects of an embryonic 
testis grafted in tlie ovarian region of a female rabbit fetus It is tlioiight 
that the grafted testis was a hormonal factor in the two abnormalities 
noted persistence of the Wolffian duct on that side of the bod), and 
disappearance of a segment of the homolateral Mullerian duct (66) 
This interpretation, apparently resting entirely on a single case, is not 
supported by the results of ex-planling the female reproductne tracts 
of fetal rats onto culture medium and of placing in the immediate \icin- 
it)' of the Mullerian duct an explanted testis or a micropellet of 
testosterone, the Wolffian duct undergoes the usual retrogression and 
the Mullerian duct continues to develop (112) 

The second interpretation is that the deprivation of a fetus of its 
testes causes a “feminization’ of the fetus (65, 66, 113) As an example 
of such feminization, the presence of a “vagina” in a castrated male fetus 
IS cited (66, 113) Other workers do not interpret their own results in 
this way (145, 146) When a male fetal rat is castrated before the 
prostatic buds appear and before the Mullerian ducts undergo all of 
their usual retrogression, the subsequent development includes tlie 
formation of fewer prostatic buds than normal and the formation of a 
prostatic utricle (uterus masculinus) winch is sometimes larger than 
usual (distended with fluid) Tlie ejaculatory ducts also are sometimes 
larger than nonnal (distended with fluid) Common denominators m 
the cnlirgcmcnt of both sets of structures, prostatic utricle and cjacula- 
tor\ ducts, seem to be the absence of a patent outlet into the urethn 
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(urogenital sinus) and the attendant accumulation of fluid in the 
luminated portion of each structure above (cranial to) the urethra. For 
these and other reasons, the present writer objects to any statement that 
a castrated male fetus is “completely feminine”; see Wells’ discussion of 
a colleague’s paper, on page 159 of that paper (66). 

IV. Anatomy or the Reproductive Organs after Birth 
A. Ooanj 

The ovary may produce “good eggs and bad eggs.” In the opossum 
(Didelphis) the formation of bad eggs seems to be due largely to an 
inherent lack of growth potential and not to a deficiency in the maternal 
environment (53). 



I®®?-'- 




tic. 10. Section of an ovaiy from a kitten of 37 days. On the surface (top) 
among the cells of tlie germinal epithelium is a large ovogonium which seemingly 
has originated from this epithelium. The photograph is reproduced with the per- 
mission of Dr. hlTOre, now Surgeon and Director of the Roswell Park Memorial 
Institute, Buffalo, New York. (G. E. Moore, unpublished.) 

Relieved Hint the ovary produces new ova after birth 
(Fig. 10); the writer thinks it would be difficult to prove whether such 
cells arc ll.c direct descendants of the original se.v cells that arc thought 
to ortgtnate from the entoderm of the hindgut. The question of whether 
ovocytes are otmed in adult life, by the mitosis of cells in the germinal 

novattr’i'l'’'- “nd answered^ in the 

negative, the v.ew hc.ng that with the eveeption of two mammals, guinea 
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pig and armadillo, this process probably does not occur after puberty 
(155, 156) 

The accumulating evidence that ovocytes are not produced anew 
during adult life includes the folloHing observations (a) the total 
number of ovocytes m the rat ovar}' decreases \\ ith advancing age, from 
the 60th to the 365th day (84), (b) the number does not vary sig- 
nificantly during the estrous cycle in rats (85) or during the menstrual 
c)cle m monkeys (41, 42), (c) m a rat ovary that shows compensatory 
hjpertrophy after unilateral ovariectomy, the total number of ovocytes 
IS within the usual range for one normal ovary (83, 86), (d) when the 
germinal epitlielium of the rat ovary is destroyed by' painting the 
ovarian surface with tannic acid, normal and atietic follicles persist in 
this ov ary as long as 469 days after the treatment ( 82 ) , ( e ) in the hyjio- 
phy sectomized female rat, the mimbei of ovocytes becomes larger than 
that m normal animals of the same age, possibly because hypophysec- 
tomv decreases the rate of decline in number with an adv’ance in age 
(62) 

This question of neoformation of o\ a Ins been investigated m a large 
number of mammals by Burkl (15, 16) Bnrkl concludes that the 
germinal epithelium (ovarian peritoneum) is not necessarily the sole 
source of ovogoma during maturity Thus, he believes that neu ovo- 
gonia are formed after puberty 

Tlie corpora lutea have been studied in tlie rliesus monke) (24) and 
in the rat (76) The corpus in the o\ary of the monkey becomes fully 
oiganized by the 7th to 9th daj after o\niialion Important steps in this 
process include the metamorphosis of the granulosa cells into lutein cells 
and the \ ascularization of the corpus Signs of degeneration of a corpus 
begin to appear by the 13tli day after ovulation The degenerating 
corpus shows hpoid vacuohtion nuclear pyknosis, cellular shrink- 
age, and cytolysis The corpus luteum in the rat, on e\amination by 
electron microscopy, shows a subendothehal space which contains 
amorphous material of election density equal to that within the lutein 
cell This material is believed to cross directl) the plasma membrane 
which in places is discontinuous 

The interstitial tissue of the ovary m the rat is first derived from 
granulosa cells, a phenomenon that ceases at about the IStli dav after 
birth (27) Thereafter, especially after tlie first ovulation, the interstitial 
tissue arises by the transformation of cells of the theca interna During 
this process the newly formed interstitial cells acquire droplets of hpid, 
and they soon begin to secrete estrogen, which is demonstrable in sec- 
tions of the ovar) (17) 

Tlic mtcrslitual cells in the rabbit o\ar} ha\c granules of lipid (22) 
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These granules, containing esterified cholesterol, are regarded as pre- 
cursors of estrogen. 

Comparative studies of the ovarian interstitial cells in carnivores 
(106), ungulates (107), and other mammals (lOS) bring out a wide 
range of patterns associated with sexual periodicity. The ovaries of cer- 
tain wild mammals (wildcat and fox) have more interstitial tissue than 
those of domesticated forms (cat and dog). 

Histochemical studies of the ovaries have been made in women (75), 
cattle (92), and rats (28). In rats, alkaline phosphatase and ascorbic 
acid are especially rich in the sites of formation of steroid hormones, 
namely, the theca interna of normal follicles, the granulosa of follicles 
becoming atretic, the corpora lutea, and the interstitial tissue. 

The fine structure of the stroma of the human ovary includes a net 
of fibers in all stromal regions (30). A delicate layer of fibers surrounds 
the primary follicle. 

The lymphatic drainage of the human ovary has been studied by 
injecting a dye (pontamine sky blue) and a spreading agent (hyaluroni- 
dase) into one ovary and noting the spread of the dye (33). The most 
common route is alone the ovarian blood vessels. Alternate routes are; 
along the uterus and uterosacral ligaments to the hypogastric nodes, 
along the round ligament of the uterus to the external iliac nodes, and 
upward via the broad ligament and ureter. 

Compensatory hsTpertrophy of the ovary after unilateral ovariectomy 
in the guinea pig is mediated by the anterior hypophysis (1). The hor- 
monal mechanism seems to invoK'e a neurohypophyseal reflex. 

Ovarian tissue of the rat may be pretreated with glycerol and then 
frozen for as long as a year and finally transplanted successfully (105). 
Ovaries frozen and then grafted into spayed rats lead to cornified vagina! 
smears in about 15 days (29). 

Biopsied human ovarian tissue has nodules of decidua-like tissue in 
a liigh percentage of cases (63). It is said that this condition can be 
distinguished from the pathological conditions of endometriosis and 
granuloma. 

Tire recent literature on the human ovary includes records of gonadal 
dysgenesis (109) and of islands of adrenocortical tissue in the ovarj’ 
(120). Such islands occur in prenatal and adult life. 

B. Uierine Tubes 

Each of the two uterine tubes in man seems to have a muscular 
sphincter in the infundibulum (125, 126) In fact, the musculature of the 
tube is made up of spiral bands, one of \vhich is situated in the in* 
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fundibulum (57) Individual spiral bands may be followed into the 
fimbriae of the tubal ostium (57, 126, 127) 

The so-called interstitial portion of the human uterine tube, also 
known as the istlimus uten, does not seem to have a morphologically 
demonstrable sphincter (78) A functional sphincter may be demon- 
strated radiologically (9) The functioning of this sphincter is reported 
to be influenced by estradiol and progesterone 

The epithelium of the tube in the rabbit consists of two t)'pes of 
cells, secretory and ciliated, it has been e\amined by electron microscopy 
(10). Only tlie secretor) cells exhibit cyclic changes associated with the 
reproductive cycle The extracellular portion of a cilium is composed of 
11 fibrils, 9 around a central pair Each of the 9 peripheral fibrils may 
be actually a pair of smaller elements 

In the istlimus of the tube in tlie rat, alkaline phosphatase is found 
in the apices of die epithelial cells (28) This suggests the transfer of 
phosphor) lated compounds across the cellular membrane at that site 
Of interest from die standpoint of diabetes is the report of clear 
cells of re)Tter in the mucosa of the human uterine tube (94) Such 
cells can be demonstrated m the tube before birth, in matunt), during 
pregnancy, and in the menopause 

C)clic changes in die mucosa of die tube haie been described and 
related to the estrous cycle in cattle (79) and sheep (48) 

C Uterus 

In these days when workers use electron microscopes and toko- 
d)Tiamometers (116) to stud) die uterus, it is well to remind ourseUes 
of our scientific heritage One reminder is an account of the discovery 
of smooth muscle in die uterus (25) 

Tlie myometrium has been investigated in man (26, 88), rat (80, 88), 
and cow (111) In the human m) ometrium, irregularl) scattered strands 
of muscle are found in the cervix The) are embedded in a collagenous 
niatnx The contractility of the cer\Lx is, of course, negligible In the 
m\ ometrium of a pregnant rat, the muscle fibers increase m length, 
hut the diameter and density of indiiidual m)ofilaments show' no 
change, these features are obser\abIe willi die electron microscope (88) 
The duplex t)pe of uterus has a complex pattern of muscular bundles 
(SO) In the boMiie uterus, the circular h)er of muscle Ins a spiral 
paUern (111) 

The endometrium of primates and the changes associated with the 
menstrual cycle ha!e been considered in great detail An carl) stud) 
deals with die uterine glands m man the glands ha\ing been isolated 
for stud) b) maceration b) the Schwciggcr Seidel technique (99) Tlie 
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four phases of the endometrial cycle are indeed well-known in man (5) 
and monkey (6), thanks in part to the fact that the cyclic changes in 
the reproductive tract of the female monkey have been worked out in 
greater precision and detail than in any other primate (51). 

Special structures in the endometrium of certain ungulates are the 
endometrial cotyledons or caruncles. In cattle these cotyledons assure 
attachment of the chorion of a developing embiy'o; the epithelium of a 
cotyledon disappears by the 25th day of pregnancy, and the chorion 
is attached to the cotjdedons by the 36th day (35). Attachment to the 
cotyledons begins about 800 hours following ovulation (88a). The anat- 
omy of the cotyledon in pregnancy is recorded (54). In the fallow deer, 
the cotyledons are arranged along the mesometrial aspect of the utenis 
(50). Systematic histochemical studies of the bovine endometrium have 
been made (93, 124). 

Metrorrhagia, a normal process in the bovine endometrium, is not 
directly comparable to menstruation in primates. Such metrorrhagia 
is a postestrous phenomenon and is found in the cotyledons (48a) and 
the intercotyledonary areas (135). The bleeding may be furthered by 
heparin, an anticoagulant, which may be produced by tissue mast cells 
abundant in the endometrium (136). 

The pregnant equine uterus develops endometrial cups which con- 
tain gonadotropin (23). This hormone seems to be secreted by the 
uterine glands in the area of the cups. 

Several studies deal with eosinophilic granular cells of the human 
endometrium. These modified stromal cells (49) have in their cytoplasm 
few or several large granules, from 1 to 20 per cell (55). The granules 
are rich in t>'rosine and tryptophan (56). It is believed that the 
granules are (or contain) heparin and that the cells bearing them nre 
tissue mast cells (119). 

The granules of the eosinophilic granular cells in the metrial gland 
of the gravid rat e.xhibit, by electron microscopy, meridional bands 
(151). Histochemically these granules cxintain lysine; hence they may 
be related to rela-xin, which is a simple protein with lysine, but not 
arginine, among its amino acid constituents. 

Tlie cervix uteri in man, when studied by electron microscopy, is 
found to contain fibers of prccollagen and a cement substance (7). It 
IS possible that the elasticity of the precollagenous fibers and changes 
in the <xmcnt substance account in part for the stretchability of the 
ccr\*ix during parturition. 


In a histochemical study of the human cervix, all phases of the 
and also the menopause are considered (149). So 
special correlation of the sex-eral variations is recorded by the authors. 
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The bovine cen'L\ uteri lias at least four large endometnal rugae or 
bands (Figs 5, 6, and S). The same number is depicted for Dama, the 
fallow deer (50), 

The lymphatic drainage of tlie human uterus has been studied by 
two techniques: injecting India ink and an X-ray-contrast medium (72), 
and injecting a dye, direct sky blue (103) The lymphatic vessels from 
the lower segment of the uterus traverse more Ijinpli nodes tlian those 
from the upper segment (72) 

D Vagina 

The epithelial cells of the human vagina are bound together by 
protoplasmic bndges In sections of epilheluim studied by electron 
microscopy, there are no clear cell boundaries (4) Cytoplasmic librillae 
run from cell to cell 

In the ^ agina of tlie rat, the content of alkahne phosphatase tends to 
show' t\\o peaks, during proestriis and during metestrus (37) The 
quantity of tlus enzyme is not otlierwise related to the estrous cycle 

Other work on tlie vagina deals with the \aginal rugae in man (102), 
w'ltli tlie acidity of the \agina in mammals (73), and with tlie effects of 
locally applied vitamin A and estrogen upon the vagina of tlie spaced 
rat (67). 
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I iNTRODUenON 

Precise knowledge of die normal morphology of the male gemtal 
organs is essential as a means of accessing potential or kmebc functional 
activity In the domestic animals, the female genital tract has been 
much more intensively studied than that of tlie male Although tlie 
male genital tract has received attention m standard books of gross 
anatomy of the domesbc animals (11, 69, 73, 74, 87, 94) and in books of 
microscopic anatomy of domestic animals, laboratory ammals, and man 
(18, 27, 35, 89), systemabc studies at various ages are relabvely scarce 
Seldom has a group of males in the vanous species of tlie hrge domesbc 
ammals been reared solely for the purpose of necropsy at precise 
stages of development Thus, most of the desenpbons to follow are based 
upon presumably normal adult specimens, with little or no knowledge 
of preceding reproductive history 

Morpholog)' has been widely used as an index of funcbonal activity 
of the male genital tract Assay procedures based on changes in mor- 
phology of the semmal vesicle, prostate, bulbourethral, and x as deferens 
have been carefully rc\ae\vcd by Dorfman (24) Tlie morpholog)' and 
function of homologous structures, based on locahon in the adult and 
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origin in the embryo, are not consistent throughout the male genital 
organs of the domestic species. An example of morphological incon- 
sistency is found in the seminal vesicles, which arc true vesicles m man 
and solipeds, compact lohuhited glands in ruminants and swine, ana 
absent in carnivores. Species differences in function, as indiMtcd by 
histochemical tests, were observed in the seminal vesicles of laboratory 
animals by Bern (9). 

II. Do’elopment or the Male Retroductive Organs 
An “indifferent" stage oE development of the genital system exists 
in the early embryo. In this period, development has not progressea 
to a point to indicate whether tlic embryo is to be a male or a fema e. 
The gonads are present, as are two sets of ducts, the Mullerian ducts 
(paramesonephric), which will predominate if the embryo is a female, 
and the WolfBan ducts (mesonephric), wliich will dominate ^ . 

embryo is a male. These fcaj;ures are more adequately disclosed m 
Chapter 1, At this point, the development of the male system is to e 
reviewed with comment on residual portions of the female ductal sys- 
tem which persist to varying degrees in the adult male. 

Some of the mesonephric tubules and portions of tlie mesonephne 
dilct form the epididymis. The mesonephric duct develops into the 
vas deferens. The seminal vesicles develop as evaginations from th® 
mesonephric duct, near or at its termination. An ejaculatory duct is 
formed from the terminal segment of the mesonephric duct; however, 
this is of little concern in the domestic species (as discussed below). 
Since the vas deferens develops from the Wolffian duct, it must be as- 
sumed that die glandular elements of the ampulla of the vas originate 
from tissues of the Wolffian ducL The prostate and bulbourethral 
glands develop from the epithelium of the urethra. 

Remnants of the female duct system may be found in the male^ 
The distal portions of the Mullerian ducts fuse during the “indifferent 
stage of development in anticipation of the production of a portion ot 
the vagina and (depending upon the species) the body of the uterus. 
Thus, in some specimens of certain species a relatively complete, al- 
though miniature, female tubular system may be found. In other species 
such vestiges are less frequent in occurrence and when found are much 
less complete. The distal remnants of the Mullerian ducts are termed 
the uterus masculinus or utriculus of the prostate. The latter term is 
more commonly employed in reference to man, and notes (as in other 
species) the proximity of the remnant to the prostate gland. The pos- 
terior end of the uterus masculinus may end blindly or it may enter 
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the uretlira. Its structure may be quite simple or may be ratlier com- 
plete with a lining suggestive of the endometrium, the presence of 
uterine glands, and a distinct myometrium. The reactivity of tlie epi- 
thelium of the structure to endocrine products depends upon the em- 
bryonic origin of tlie tissues represented, differing if tlie remnant rep- 
resents the portion of the vagina formed from the urogenital sinus 
or if it represents portions of the Mullerian ducts (Chapter 1). A well- 
developed uterus masculinus is frequently found in the stallion. This 
structure is small in the boar, dog, and cat. There is disagreement as 
to its frequency of occurrence in the bull. Conaway (16) discusses 
variations in structure and response of the uterus masculinus to en- 
docrine products \vithin and between species. A report by Zuckerman 
and Groome (96) deals witli the structure of tlie uterus masculinus in 
the dog, its response to estrogens, and the application of its study to 
investigations of spontaneous endocrinopathies. 

III. Postnatal Anatomy of the Reproductive Organs 
A. Testis and Associated Structures 

1. Testis 

Tlie testes have a dual function: production of sperm and the secre- 
tion of sex hormones. In adult domestic mammals the testes are located 
in the scrotum; however, tliey develop in tlie dorsal portion of the 
abdominal cavity. Details of the structure and location of the serdtum 
and of tlie descent of the testes are presented elsewhere in this chapter. 

The testes of the domestic animals have an elongated ovoid form. 
Nomenclature of various portions of the testis is complicated by the 
diverse positions in which it is located in the domestic species. The 
borders of tlie testis in the domestic mammals are best described as the 
free border, which corresponds to the anterior border in man, and the 
attached or epididymal border, which corresponds to the posterior 
border in man. The dorsal or anterior extremity and the ventral or 
posterior extremity are rounded. The medial and lateral surfaces may 
be compressed. 

The gland substance of the testis is enclosed by a dense connective 
tissue capsule, tlie tunica albuginea. The tunica is inverted into the 
substance of tlie testis along the attached border forming the medias- 
tinum testis. Tlie mediastinum traverses the long axis of the testis and 
tends to bo more centrally situated in tlie testis of the domestic animals 
than it is in man (36). Portions of the duct system, the vessels and 
the nerves supplying the testis are located in the mediastinum.' Sheets of 
connective tissue, the septula testis, radiate from the mediastinum to- 
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ward the surfaces of the testis where they attach to the tunica albupnea. 
The septula testis divide the parenchyma of the gland into cone-shapen 
lobules with apices at the mediastinum and bases at the surfaces o 
testis. The lobules are the functional units. 

In the testes of the bull and ram, the lobules ate incompletely 
separated as the septa consist of strands rather than sheets of connective 
tissue (Fig. 1). The mediastinum is poorly developed in the staUion. 
Thick, interconnected septa which contain blood vessels and ducts are 


e 
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Fig. 1. Section of a testis from an 18-monlh-old Hereford Lull. Key: a, tunica 
albuginea; b, artery of the testis, c, vein of the testis; d, seminiferous tubule; e, stran^ 
of tissue forming the septula testis, f, rete testis in the mediastinum testis; g, artery w 
mediastinum testis; h, vein in mediastinum testis. 

present (Fig. 2). These septa lend to converge on a disk-shaped area. 
Both the tunica albuginea and the septa of the staUion contain smooth 
muscle fibers (89). 

According to conventional descriptions, each lobule contains two or 
three seminiferous tubules which have blind ends near the base of the 
lobule. Reconstruction techniques have indicated that arch-shaped 
tubules begining and ending at tubuli recti near the apex are typical 
in the testes of dog, rabbit, and mouse (21, 43). Several arches may be 
linked togetlier by Y- or T-shaped connections. The tubules pursue a 
very sinuous course in the peripheral portions of the lobule. These 
portions are referred to as the convoluted tubules. In the apices of the 
lobules the tubules follow a straight course and are referred to as tubuli 
recti. Tlic total length of the seminiferous tubules have been estimated 
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in several of the domestic species. These investigations revealed tliat 
total tubule lengtli is greater in tlie larger species, but tliat the smaller 
species have a greater length of tubules per unit body weight (4). They 
estimated the total tubule lengtli in meters as follows: dog, ISO; boar, 
3000 to 6000; ram, 4000, and bull, 5000. 

The walls of tlie seminiferous tubules consist of concentrically 
located connective tissue fibers, a basement membrane, and a multi- 



Fig. 2. Section of a testis from a 2-year-old stallion. Key: a, tunica albuginea; 
b, artery of the testis; c, vein of the testis, d, seminiferous tubule, e, interconnected 
septa; f, collecting ducts homologous to rele testis; g, artery m a septum; h, vein 
in a septum. 

layered epitlielium. The epithelium consists of two fundamental types 
of cells; the spennatogenic cells and the sustentacular or Sertoli cells. 
The spennatogenic -cells occupy concentric strata from the basement 
membrane to tlie lumen. Tliese cells are directly concerned with the 
production of spermatozoa. The spennatogenic cells and the process 
of spermatogenesis are described in detail in Volume II, Chapter 1. 

The Sertoli cells are attached to the basement membrane and extend 
centrally to the lumen. Tliese cells are separated from each other by 
I “pie-shaped” groups of spermalogenic cells. During certain phases of 
' spermatogenesis tlie developing germ cells occupy indentations in the 
i surface of the Sertoli cells. The cyclic nature of these cells was studied 
j by Elftman (26). He reported accelerated maturation of tlie develop- 
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inR serin cells when they are surrounded by the Sertoli cells 
phasied thdr strategic and 


vascular bed oulside''the tubule to the embedded cells. Metabolic 


histochemical techniques have been used to ° ^ness 

other cells of the testis (13. 57. 68. 70. 71. 72. 81. 92). Co^'^ne^ 
of the Sertoli cell membrane of man has been demonstrated y 

electron microscope studies (29). , . 

The stroma of the testicular lobule consists of a delicate c 
tissue which contains vessels and nerves and the interstitial cells o 


of Leydig. The cells of Leydig occupy the triangular-shaped pocheB 


ig. me ceils oi Leyuig ueeui.j- y j 

between the seminiferous tubules. These cells tend to be ova - P 
with large spherical nuclei. The interstitial cells usually contain p 6 
^ fanrl tn in/*rMcp wUh a(Te. Piffmcnt Is espcci y 


; granules which tend to increase with age. Pigment is especi y 
ounced during certain phases of the prenatal development ot 


ment 

tosrteSde"'(15f77). There is an abundance of evidence 
that the cells of Leydig are the source of testicular androgens ( > 

Two other hormones have been demonstrated in the testes of animal^ 
Pregnenolone has been found in the testes of the boar (34). ^troge 
has been isolated from male urine and testes (23, 25, 30, 95). 
the Sertoli and Leydig cells have been suggested as sites of the pro u 
tion of estrogen (10. 46, 56, 60). The main evidence suggesting tn 
Sertoli cells as the source of testicular estrogens is the feminization ^ 
men and dogs with Sertoli cell tumors. The two main lines of evidenc^ 
supporting the contention that the cells of Leydig are the source o 
this hormone are the estrogen excretion levels in men having on y 
Leydig cells in the testis and the effects of chorionic gonadotropin ^ 
normal adult men. A definite answer does not appear to be avai a 
at the present time. , 

The prenatal and postnatal growth of the testes has been studic 
in most of the domestic species (1, 12, 15, 40, 54, 55, 77, 78, 80, 93). ” 
a general way the growth patterns are similar, with the exception 
the fetal horse. In the fetal horse the testes attain their maximum abso 
lute size when the crown-rump measurement is from 45 to 65 cm. /* 
At this stage the testes consist almost entirely of pigmented interstitia^ 
cells. Degeneration of these cells occurs later in intrauterine 
parturition the testes are only approximately 1/10 of the maximum siz® 
attained earlier. Cole et ah (15) correlated these changes in the feW_ 
horse testes with the hormonal content of the testes and of the malerU' 
blood. 

The principal artery to the testis is the intemal spermatic or testicular 
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artery. This arterj' is a branch of the abdominal aorta which arises jost 
posterior to the renal arteries. The blood supply to the testis develops 
while tire testes are in tlie abdominal cavity and follows their descent 
to the scrotum. In domestic animals tlie artery is found in tlie vascular 
portion of the spermatic cord, in intimate contact with die pampiniform 
ple.\us of the corresponding vein (Fig. 3). This relationslhp is con- 
sidered to be an important part of die tesdeular thermoregulatory 
mechanism by Harrison and Weiner (38). The techniques of dissection, 
arteriography, and microarteriography have been used by Harrison (36) 
to investigate the blood supply to the testes of a large number of 

C C C* 


a 

b 


g 

Fig. 3. Cross section of the spermatic cord and associated structures of a mature 
stalhon. Kev; a, ductus deferens; b, arteries of the ductus deferens; c, vascular por- 
tion of the spermatic cord; cf, spermatic vein; c”, spermatic artery; c'", spermatic 
ner\'e; d, internal cremaster muscle; e, external cremaster muscle, f, parietal vaginiil 
tunic; g, fold of peritoneum; h, visceral vaginal tunic. 

mammals, including most of the domestic species. The manner of 
venous drainage of the testes was found to be quite uniform, but dif- 
ferences were found in the manner of distribution of the testicular 
artery. In most species numerous veins from tlie medial and lateral 
surfaces coalesce on the dorsal (anterior) extremity of the attached 
border of the testis to form the pampiniform plexus which passe? 
proximally in the vascular portion of tlie spermatic cord. 

In tlie domestic animals tlie spermatic artery undergoes numerous 
convolutions in die spermatic cord. While on the attached border of 
the testis it supplies branches to all parts of tlie epidid}^!^. On the 
testis the artery is found on tlie deep surface of the tunica albuginea/ 
After reaching tlie ventral (posterior) extremity, the artery tj'pically 
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divides into severe! convoluted bmnehes which ascend (a^^ 

terior) border. Smaller brandies from these arteries ^uPP V 
and lateral surfaces. Terminal arter.es branch ^ the 

penetrate the substance of the testis and pass centrally toward tn 

’"“speemTstudies of the vessels after *''<=>' “esdK 
testis are available only for man and the hull (37, -). 
of these studies are contrary to the older views of ^^“^“^‘“.. 11 " 
the two species investigated, the terminal arteries folios . 

testis centrally to the mediasUmim, where they turn and ag 
peripherally. Numerous fine branches supplying tlm P ^ 

chyma are formed as the vessels pass peripherally. “'Ij-hy 

indirect branches of the internal pudic arteries, were obsewed by 
(52) to anastomose with the spermatic artery in all of the bul 
examined. The posiUons of the deferential arteries of the stalhon 
depicted in Fig. 3. The external spermatic artery (cremastenc Nb 
usually an indirect branch of the external iliac, also anastomoses 
the internal spermatic artery. These anastomoses are not of 
size to prevent atrophy of the testis when the internal spermatic art ry 

is ligated (49). , 

The spermatic artery of the dog and stallion does not branch at * 
ventral (posterior) extremity, but a single artery ascends the free ’ 
supplying branches to the medial and lateral surfaces. The testicu 
artery of the boar forms two main branches at the posterior extremity 
(36). 


2. Excretory Ducts ^ 

A system of excretory ducts conducts the sperm from the site 
formation in the seminiferous tubules to the termination of the uret^^- 
All functions of the duct system are not completely understood, but it ^ 
known to function in the transportation, storage, maturation, and nutn 
tion of sperm (67). Sperm leave the seminiferous tubules via the tubu 
recti, emptying into the rete testis. The rete consists of a series of inter 
connected, thin-walled tubules located in the mediastinum testis 
1). Tlie rete is lined with a low columnar or squamous epithelium. A 
the dorsal (anterior) extremity of the testis, where the mediastin^ 
comes to the surface, several efferent ducts originate from the rete. The 
efferent ducts are straight as they leave the rete, but soon form spiral 
coils, the coni vasculosi or lobuU epididymidis. The f**' — 


coils, the coni vasculosi or lobuU epididymidis. The apices of the coni 
vasculosi point toward the mediastinum. The efferent ducts have thin, 


vascuiosi point lowara tne meaiasunum. me elterent ducts nave u**-' 
smooth muscle walls most highly developed in the portions forming the 
coni vasculosi. The epithelium consists of alternating groups of tall and 
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low cells Bleblike outgrowtlis may occur in the epithehum The tall 
cells have ciha winch beat toward the epididymis The low cells con- 
tarn more numerous secretory granules and may form intraepitliehal 
glands 

The efferent ducts unite to form the ductus epididymidis Grossly 
the epididymis is divided mlo three porhons a head located on the 
dorsal (anterior) e\tremity, a body extendmg along the attached border, 
and the tail situated on ihe ventral (posterior) e\tremity of the testis 
The body and tail of the epididymis are bound to tlie testis by folds 
of tlie visceral processus vagmahs which form the anterior hgament of 
the epididymis The scrotal hgament or posterior hgament of the epi- 
didymis attaches the epididymis to the scrotum Tlie lobuh epididymidis 
form a major portion of the head The ductus epididymidis is highly 
coiled in die head and body It is less tortuous in the tail where it 
gradually merges with the ductus deferens (vas deferens). The walls 
of the distal portions of the ductus epididymidis contam more smootli 
muscle than those of the pro^mal porbons The epithehum consists 
of pseudostratified, cihated columnar cells witli stereociha and tends 
to be higher in tlie head and body than m the tail 

Experimental evidence indicates that tlie pressure of flmd secreted 
into the seminiferous tubules is responsible for the movement of sperm 
from tlie convoluted tubules to tlie epididymis (88, 90, 91) These ex- 
perimental findings are in agreement witli the microscopic structure of 
relatively thm walls of tlie ducts other tlian tlie epididymis and ductus 
deferens 

The ductus deferens ascends the ingumal canal in a special fold of 
tlie vaginal tunic (Fig 3) In the abdominal cavity it proceeds dorsally 
and posteriorly, loops over the ureter to the dorsal portion of the neck 
of the bladder where tlie right and left ducts lay side by side In the 
abdommal and pelvic cavities the ductus is located in the medial edge 
of the genital fold The right and left genital folds fuse in the region 
of the bladder This fold is the homolog of the broad ligament of tlie 
uterus in tlie female The ductus continues posteriorly m the wall of 
the pelvic uretlira Tlie ductus empties into the lumen of the urethra 
independent of the ducts of the accessory sex glands A fusiform en- 
largement of tlie ductus deferens, the ampulla, is found in the terminal 
portion located dorsal to the neck of the bladder and pehac uretlira 
(Figs 4 and 5) 

Tlie wall of the ductus deferens consists of a thm connective tissue 
adventitia, a very thick tunica musculans, and a pseudostratified colum- 
nar epithelium which t}pically bears slcreocilia Tlie epithelium is 
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lower than that of the epididymis. The increase in diaineter at the 
ampulla is due to the addition of glandular elements very simdar to tn 
elands of the seminal vesicle (Fig. 4). Ampnllary glands are not found 
in the ductus deferens of the cat and are poorly developed in the boar 
(51, 89). 



Fic. 4. Section of the seminal vesicles and ampullae of the ductus deferens of a 
mature Hereford bull. The section was tahen immediately posterior to the neck o 
tlie bladder. Key: a, glandular portion of the seminal vesicles; b, lumen of the 
ampulla; c, glands of the ampulla; d, smooth muscle fibers distributed in various 
planes. 


The urethra is the common excretory duct for the genital and urinary 
systems of the male. The urethra is described \vith the penis and acces- 
sory sex glands. 

3. Scrotum and Testicular Coverings 

Tlie scrotum is the pouch that contains the testes; its thermoregula- 
tor>' function has been extensively studied (20, 75). The location of 
the scrotum in the domestic species varies from the inguinal region to 
the perineal region: in the stallion it is poorly developed and located 
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in the inguinal region; in the bull and ram it is well developed and is 
located in the anterior inguinal region; in the boar and tomcat it is 
found in the perineal region. The scrotum of tlie dog is situated ap- 
proximately midway between the inguinal region and the anus. In 
domestic fowl, which lack a scrotum, the abdominal air sacs apparently 
assume some of the thermoregulatory functions of the scrotum (19). 



Fic. 5. Section of the pelvic urcllira of a mature Hereford bull. Tliis section 
was taken l>cl\vecn tlic sections represented in Figs. 4 and 0. Kev: n, ampulla of the 
vas deferens; b, duct of seminal vesicle; c, corpus ca\'cmosum urethrae; d, urethra. 
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The wall of the scrotum from the exterior inward is composed of the 
skin, tunica dartos, superficial scrotal fascia, deep scrotal externa 

cremaster muscle, and the parietal processus vaginalis (39). These s^e 
layers may be found in other portions of the abdominal wall. e 
median line of the scrotum is indicated by the scrotal raphe. c 
scrotal septum, a median division, is formed by the tunica dartos. e 
tunica dartos consists of smooth muscle fibers mixed with collagenous 
and elastic connective tissue fibers. Tlie external cremaster mu^ e is 
striated and is derived mainly from the internal abdominal oblique 
muscle. ^ , 

An evagination of the peritoneum, the processus vaginalis, hnes eac 
scrotal half. The parietal processus vaginalis, the tunica vaginalis com 
munis, lines the scrotum and is continuous through the inguinal cana 
xvith the parietal peritoneum of the abdomen. At the posterior (dorsa ) 
portion of the scrotum, the parietal layer is reflected over the epididymis, 
testis, and the structures of the spermatic cord forming the mesorchi^ 
and becoming the visceral or proper vaginal tunic. A small portion 
of the epididymis is not covered by the visceral vaginal tunic, but is 
connected to the scrotal wall by connective tissue which forms the scrota 
ligament or posterior ligament of the epididymis. The scrotal ligamen 
is the remnant of the gubernaculum. The cavity of the processus 
vaginalis is continuous with tiie peritoneal cavity of the abdomeo 
through the vaginal ring. 

The multiple layers of fascia in the wall of the scrotum allow a 
high degree of mobility of the testicle. The testes and scrotum may he 
elevated by either the tunica dartos muscle or the external cremaster 
muscle. Contraction of the cremaster also elevates the scrotum, as the 
testes and scrotum are connected by the scrotal ligament. Contraction 
of only the external cremaster does not result in maximal elevation oi 
the testis (39). In thermal regulation of the testis, the tunica dartos 
muscle appears to be the more important of the two, as it reacts rapidly 
to any change of temperature. Jn vitro the tunica dartos muscle from 
adult rams starts to contract at 35 to 37'’C. and reaches its maximum 
contraction at 20®C. (79). The development of the tunica dartos and its 
sensitivity to temperature changes is dependent upon testosterone. 
Mechanical distention of the scrotum may also be necessary for com- 
plete development (86). 

The vessels and nerves supplying the scrotum appear to be dependent 
upon its location. If the scrotum is in the inguinal region, as it is in 
the stallion, bull, and ram, the vessels are branches of the external pudic 
artery and vein. The ner%'es to the scrotum of these animals are branches 
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of the second and third lumbar spinal nerves (3, 87). If the scrotum is 
located in the perineal region, as it is in the boar and tomcat, it may 
receive part of its blood and nerve supply from the internal pudic 
vessels and nerves. This source appears logical as the scrotum develops 
in the perineal region as a homolog of the labia of the female. The labia 
are supplied by the internal pudic vessels and nerves. Lymphatic 
drainage from tlie scrotum passes to the superficial inguinal lymph node. 

4. Descent of the Testis 

The gonads develop retroperitoneally in the abdominal cavity medial 
to tlie developing mesonephros. The ligamentum testis develops in the 
genital ridge immediately posterior to tlie developing gonad. This liga- 
ment is continued across the body wall by the chorda gubemaculi which 
is in turn continued by the ligamentum scroti. These three structures 
imite to form the gubernaculum testis which extends from tlie posterior 
pole of the testis to tlie scrotal swellings. Differential growth results in a 
relative change in position of the testis with movement toward the pelvic 
cavity. A fold of peritoneum, the processus vaginalis, evaginates through 
a slitlike passage in the abdominal wall, the inguinal canal, and enters 
the scrotum. At tliis stage the testis is still in the abdominal cavity near 
the inguinal canal, Tlie actual descent of the testis appears to be acti- 
vated indirectly by the hypophysis and directly by the sex hormones 
(2). The role of the gubernaculum in the process of descent is still in 
dispute. Tlie position of the testes changes from retroperitoneal in the 
abdominal cavity to retroperitoneal in tlie posterior portion of the 
scrotal cavity. The processus vaginalis then folds around tlie testis and 
associated structures to form the mesorchium and \'isceral layer of the 
vaginal tunic. 

In the domestic animals, as in most mammals, the neck of tlie 
processus vaginalis remains patent and the cavity of the processus 
vaginalis communicates Mith the peritoneal cavity (59). This is unlike 
the situation in man where the neck of tlie processus vaginalis is 
obliterated (32). 

B. Accessory Sex Glands 

1. Regional Anatomy 

The accessory sex organs of the male are situated behind the neck 
of tlie urinar)' bladder and are closely related to tlie pelvic portion of 
the uretlira. The openings of tlie prostate and seminal vesicles arc close 
to die neck of tlie urinary bladder. Bulbourethral (Cowpers) glands 
arc situated more posteriorly, embedded in skeletal muscles associated 
with the root of the penis at the iscliial arch. 
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Tlie duct of the seminal vesicle is closely related to the tcnninal 
opening of the vas deferens. Tlicrc may be a common opening tor 
both the termination of the vas and the seminal vesicle. In such a 
situation, the term “ejaculatory ducr is used to designate the common 
terminal portion. The cjaculator)' duels arc usually relatively short; they 
may pass through the substance of the prostate to gain the lumen o t le 
urethra near the openings of the prostate gland. In common domwhe 
animals the ducts open separately (87). Trautmann and Fiebiger ( ) 

emphasize the presence of characteristic collecting sinuses in the lobu ar 
arrangement of all accessory genital glands of the male. These appear 
to be less prominent in the prostates of man and the dog in which species 
they are simply considered to be large collecting ducts. 

The arterial supply to the accessory sex glands is derived from 
ceral branches of the internal iliac arteries ( hj'pogastric arteries). Tme 
vessels directed to the accessory glands arc frequently those 'vmc 
supply the urinary bladder. In the domestic animals, these vessels are 
portions of the umbilical arteries which are retained in the adult cir- 
culatory system. Because of the high incidence of carcinoma of^ the 
prostate in man, the venous drainage of the gland and of the pelvis m 
general has received considerable attention. In attempting to explain 
the paradoxical establishment of mctastascs of proslatic carcinoma, Bat- 
son developed the concept of a vertebral venous system (5, 6). Th® 
concept of a segment of the venous system extending from tlie cranial 
to the pelvic regions which docs not recognize the influences of con- 
ventionally conceived vascular flow patterns has considerable signifi- 
cance in problems of pathogenesis. This concept has been extended 
greatly by the work and discussions of Herlihy (41). 


2. Prostate 

Typically, the prostate gland consists of two portions, a body situated 
behind the entrances of the vasa deferentia and seminal vesicles into the 
urethra, and a disseminated portion (pars disseminata) consisting of 
small glandular elements extending for some distance along the urethra 
and lying beneath the urethral muscle. The relative proportions of the 
two parts differ beUveen species. The prostate of the bull and the boar 
consists of a small body and a relatively large disseminated portion (Fig* 
6). In contrast, the gland of the stallion and of the dog consists of n 
large body and a small disseminated portion. The pars disseminata is 
always covered by the striated urethral muscle. The body of the prostate 
is exposed at the anterior margin of that muscle. The glandular ele- 
ments surrounding the urethra are frequently more dense dorsally and 
laterally and lie peripherally to the corpus cavemosum urethrae. 
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In species in which the bodies of tlie prostates are relatively large, 
the gland is frequently described as being divided into lobes. The ar- 
rangement may be quite complicated, as in rodents in wliich four 
to six lobes are recognized (28, 33) or in man in which five lobes are 
described. The arrangement may be relatively simple, as in tlie case of 
the dog in which the gland is divided into two lateral halves, the 
hemispheres. The basis for such divisions has been eitlier the gross 
appearance of the gland with its evident gross lobation, or (as in man) 



the divisions are based on studies of the development of the gland and 
the origin of each group of glandular elements (58). Concepts of 
lobation of the prostate glands of the domestic animals are based solely 
upon gross examination. Thus, the prostate of the horse does not com- 
pletely surround tlie urethra, but consists of two lateral masses (lobes) 
connected by a dorsally placed “isthmus.” Although complicated loba- 
tion is not described in the dog, functional lobation is suggested by 
reports of differing responsiveness to hormones of the glandular ele- 
ments located ventrally to tlie urethra as compared to those situated 
dorsally (96). Thus, regional differences in response of the compact 
gland of the dog are similar to tliose described for the various individual 
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lobes of the prostate of rodents (53). In addition, regional differences 
in man arc of interest because of the rcl.ative frequency of involvement 
of tlie various lobes in endocrinopathics and neoplasia (47). 

In addition to the more complicated lobation described for the 
prostate of man, the gl.andul.ar elements .are grouped .as mucosal, su 
mucosal, and main prostatic glands, indicating the site and rclahse 


b C 



Fig. 7. Section of the prostate from a 24-hour-old Boxer puppy- Key: a, urethra; 
b, gland substance; c, septum; d, ganglionic cells. 

extent of development. It is probable that the disseminated portions of 
the prostates of domestic animals correspond to the mucosal and sub- 
mucosal glands of the prostate of man. Trautmann and Fiebiger (89) 
consider the less well-developed, disseminated portions of the prostates 
of horses and carnivores to be similar to the glands of the urethral 
mucosa (glands of Uttr4). These points should receive further study 
as the determination of homologies of the various glandular elements 
of the domestic animals and man are complicated by such features as 
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the extent of urethra surrounded by the corpus cavemosum urethrae 
and comparative functional considerations of the various accessory 
glands, which are, in turn, reflected in great variation of structural 
features among the domestic species. 

The glandular elements consist of a number of branched tubulo- 
alveolar glands opening individually into tliat portion of the urethra 
invested by the prostate gland proper. In immature animals the alveoli, 




Fig. 8. Section of tlie prostate from an adult dog. Ke\: a, urethra; b, gland 
substance; c, ganglionic cells; d, septum, e, ampulla of the ductus deferens. 

which appear to comprise the majority of the gland in the mature 
animal, are small. The body of the gland is made up of tlie ductal sys- 
tem and stroma. Consequently, there is a low ratio of epithelium to 
fibrous and muscular tissue (Figs. 7 and 8). With enlargement of the 
alveoli at the onset of sexual maturity, due to androgenic stimulation, 
the epithelium becomes prominent. Tlie alveoli are lined by a simple epi- 
thelium xvhich has the characteristics of columnar, cuboidal, or squamous 
types, depending upon its functional stage. Moore (76) described the 
cyclic characteristics of the prostalic epithelium and the development 
and involution of the gland In man. Tlic prostatic acini of man contain 
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concretions (corpora amalacea) composed of concentric layers of 
terial surrounding a core of desquamated epithelial cells. Althoug 
described by many authors, these structures appear less frequently in 
the domestic mammals. Tlie height of the lining epithelium as an i^ 
dication of functional state of the prostate of the dog has been estab- 
lished by the volumetric functional studies of Huggins (47) and em- 
phasized in the studies of Zuckerman (96). Tlie epithelial cells of the 
prostate of sexually immature dogs are low cuboidal. The relation or 
height of epithelial cells and functional state does not hold for dogs 
Nvith markedly enlarged glands exhibiting tall acinar epithelium (hj’per- 
plastic) (45). They secrete less proslatic fluid than normal dogs %vith 
glands one-tenth the size. This is another example of the basic bio- 
logical problem, a prime challenge to functional anatomy, the relation 
of cell (or anatomical unit) number and structure to functional actiwty 
of an organ. 

In certain details the microscopic characteristics of the prostate 
resemble those of the active mammary gland. However, it is distin- 
guished by the presence of numerous smooth muscle fibers arrangeo 
throughout the stroma and to some extent circling the alveoli. The fibers 
are continuous with those of the capsule and thus they are more promi- 
nent in the larger stromal septa of the periphery of the gland. The 
smooth muscle is responsive to estrogenic stimulation. Because of its 
sensitivity to hormonal influence, the prostate has been of value in the 
bioassay of sex hormones (24). 

There appear to be no studies of the arterial supply to die prostate 
gland of the domestic species comparable in detail to that of Flocks' 
study (31) of the gland of man. In the human die arteries directed to 
the prostate divide to form two groups of vessels, an inner or urethral 
group supplying the neck of the bladder and urethral portion of the 
gland, and a capsular group of arteries supplying the outer rivo-thirds 
of the gland. The latter group anastomoses, to a limited extent, \vith 
the inner group. 

Tlie draining veins of the prostate of the dog may be described as 
two groups, a superficial set ramifj-ing over the surface of the gland 
and situated in the capsule of the gland. They extend centrally into 
the substance of the gland along the courses of the larger septa. A 
TCntral group of veins, which appears to be extensions of the first group, 
join the venous spaces forming the corpus cavemosum urethrae (corpus 
spongiosum). It appears that most of the gland drains into the corpus 
cavemosum urethrae (51). 

Numerous parasympatheUc ganglionic celk may be seen in the 
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fibromuscular capsule and in the larger septa of the prostate (51) The 
presence of tliese is seldom emphasized m descriptions of the anatomy 
of the prostate nor m discussions of tlie autonomic nervous system 
Their demonstrable presence serves to emphasize the fact tliat secretion 
of tlie accessory sex glands is under the control of the parasympathetic 
system Pregangliomc fibers reach these cells by way of tlie pelvic 
plexus, as do the postgangliomc fibers of the sympathetic system which 
mitiate discharge of the gland during the process of ejaculation 

Because of tlie common use of the dog as an experimental animal by 
medical groups and because of special interest in the enlarged prostates 
of dogs past the age of five years, the gland of the dog has received 
a great deal of attention Information concerning the anatomy and 
paAology of the gland has developed from two directions Climcal 
studies have been conducted by Schlotthauer (82, 83, 84, 85) Anatomi- 
cal and pathological studies directed toward tlie potential medical im- 
plicabons of the prostate of the dog are illustrated by the work of 
Zuckerman and co-workers (96, 97) and of Huggins (44) The 
comparative pathology of the prostate gland of man and the dog was 
reviewed in 1947 (50) and again in 1958 (8) It was found that the 
‘Tjerngn hyperplasia” of aging dogs was not strictly comparable to the 
similarly named condition of man However, these studies have clearly 
illustrated the response of various tissue elements of the prostate (epi- 
tlielium and smooth muscle) to sex hormones and these features have 
contributed to the establishment of suitable hypotheses concerning the 
underlying process of the condition in man 

Whatever tlie implication m reference to pathology of man, the work 
of Zuckerman and Groome (96) contams the most comprehensive 
coverage of the microscopic and subgross anatomy of the prostate of 
the dog, and the works of Schlotthauer contain numerous valuable 
quantitative anatomical features Additional quantitative features have 
been reviewed recently by Berg (7) 

3 Seminal Vesicles 

The seminal vesicles are paired, lobated structures situated close to 
the neck of tlie bladder, intimately related to the openings of tlie vasa 
deferentia As stated above, the openings of tlie seminal vesicles and 
the vasa deferentia are separate in the domeshc animals These accessory 
glands arc not present in carnivores 

In ruminants and swine the lobes of the seminal vesicles are made 
up of compact glandular elements with relatively small central dilata- 
tions In contrast, the lobes of tlic glands of man and the horse contain 
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large dilatations, each of which is surrounded by glandular elements. 
The gross differences in the structure of the seminal vesicles of t e 
domestic animals — size of lobes, extent of cavitation, number of ducts 
emptying from each lobe, and the organization of secretory ducts to 
glandular elements — are reflected in the distribution of muscular an 
connective tissue elements. _ . 

Mann and co-workers ( 48, 61, 62, 63, 65, 66 ) have studied functiona 
activity by histochemical techniques. Their work has been confirmed 
by Cons (17) and represents the type of investigation which should be 
extended on a comparative basis. By these means, much of the difficulty 
in arriving at an interpretation of true homologies might be overcome 
and a greater appreciation of the function of the various accessory glands 
in different species might be obtained. 

4. Bulbourethral {Cowpers) Glands 

Cowper’s glands are paired glands situated near the ischial ar^* 
They are surrounded by, or embedded in, the urethral muscle or tb® 
thickened continuation of that muscle, the bulbocavemosus (Fig' 9)- 
The glands are missing in the dog, but are present in the stallion, buff, 
ram, boar, and cat. The glands are lobulated, the lobules being separated 
by connective tissue and smooth muscle. In the case of the horse, the 
lobules are separated by strata of striated muscle fibers which are por- 
tions of the urethral muscle (Fig. 9). The epithelial elements are colum- 
nar cells varying in height with the functional state. 

5. Glands of the Ampulla of the Ductus Deferens 

As stated above, the accessory genital glands of the male conven- 
tionally consist of the prostate, seminal vesicle, and bulbourethral (Cow- 
pers) glands. The problem of including the ampullae as accessory sex 
glands appears to be one of definition. Since the ampullae are portions 
of the ductus deferens they should not be considered separate organs 
on a morphological basis. However, there can be no doubt that the 
glands of the ampullae do contribute to the ejaculate. In the stallion, 
this contribution has been quantitatively determined and separated from 
the secretions of the seminal vesicles by Mann (64). This work is based 
upon the finding of ergothioneine in the secreUons of the ampuUary 
glands, but not in those of the seminal vesicle. 

AmpuUary glands are present in the terminal portions of the ductus 
deferens of tire stallion, bull, ram, and dog. These glands are poorly 
developed or absent in the boar and are absent in cats (51, 89). In 
the opinion of the authors, the glands of the ampullae should be con- 
sidered as accessory glandular elements. 
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C Copiihtory Organ and Associated Structures 
1 Ferns 

The penis is typically composed of three masses of erectile tissue, 
two corpora caverosa peni and a corpus cavemosum urethrae The 
former constitute the major masses of tlie base (root) and the body of 
the penis Tlie corpus cavemosum urethrae surrounds the uretlira and 


b 


a 


Fig 0 Section of a bulbourethral (Cowpers) ghnd from an 18 month old 
stallion Key a glandular portion b, urethral muscle, c, urethral muscle in gland 
septum, d, collecting sinus 

contributes to the mass of the body of the organ A fourth structure, 
the glans, completes tlie major masses of the organ In some species tlie 
glans is mainly composed of erectile tissue, the vascular spaces of which 
are continuous with those of the corpus cavemosum urethrae 

The corpora ca\emosa peni anse os the crura of the penis Each crus 
IS attached to the posterior and ventral margins of the corresponding 
ishium and is covered by an ischiocavcmosus muscle The corpora con- 
\ergc to join the corpus spongiosum The cross sectional shape of the 
penis of a gi\en species is dependent upon the degree of fusion of 
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the two corpora cavernosa peni and the degree to which the 
spongiosum is invested by the latter. In some, each major 
is more or less defined in the superficial characteristics o e S 
In others, due to the forementioned fusion of the corpora cavernosa p 
and their investment of the corpus spongiosum and the developmen 
a heavy peripheral fibrous tunic, the penis is cylindrical in shape or 
majority of its length (Fig. 10). 



Fig. 10. Section of the penis from a mature bull. The section was tahen a ^ 
point indicated in Fig. 12. Key: a, urethra; b, corpus cavemosum urethrae; c» ^ 
tractor penis muscle; d, corpus cav’emosum penis: e, tunica albuginea; f, ner^'C 
penis; g, artery of the penis; h, \’ein of the penis. 

A fibrous tunic (tunica albuginea) surrounds each vascular body 
its origin. Tliese lunicae delineate the composing portions of the pe 
for varjnng distances from the ischial arch. The peripheral portions o 
the tunicae of the corpora cavernosa peni blend to form a continuonSr 
hca\y, supporting tunic for the entire penis. Along the line of appositi^ 
of the corpora peni, a septum is formed which extends foixvard 
the glans. It may be complete (recognizable for the entire length o 
the penis ) , as in the case of the dog { 14 ) , or it may become less distinct 
distally, as in IIjc cases of the other domestic mammals and man. Tlicr® 
arc communications through the septum between the corpora cavernoma* 
Numerous trabeculae pass from the surrounding tunica albuginea int® 
the mass of the corpus cavemosum, dividing the corpus into many spaces 
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and supporting tlie venous sinuses. Tlie partitions are composed of 
fibroelastic tissue (ruminants and swine) and smooth muscle fibers 
(particularly evident in the stallion and carnivores) (89). In the domes- 
tic species, other than tlie cat, tlie vascular spaces of the corpus caver- 
nosum are increased in size at the ischial arch to form a bilateral bulbous 
mass, the bulb of the urethra. 

The degree to which each vascular cavernous body expands in the 
erect state is dependent upon such structural features as the thickness of 
the limiting tunicae and the composition of such tunicae and internal 
trabeculae. As examples, the corpora cavernosa of the pern's of the bull 
and dog are heavy and are composed of a preponderance of collagenous 
connective tissue. In these species, the corpora cavernosa stiffen the 
penis during erection but do not greatly enlarge it. In contrast, tlie 
tunica albuginea and trabeculae of tlie corpora cavernosa of the horse 
and these elements of the glans penis of the dog are weaker and consist 
of goodly proportions of elastic fibers and smooth muscle. 

The glans penis may be very small and contain little erectile tissue 
or it may be large, representing a major portion of the body of the 
penis. The glans is covered by stratified squamous epithelium which is 
continuous at the preputial frenum with the inner lining of the prepuce. 
Numerous specialized nerve endings are found on tlie glans and in the 
deeper tissues. In man, a number of varieties of nerve endings have 
been described. There appear to be no comprehensive comparative 
studies for the domestic animals. The glans penis of the cat presents 
a number of comified projections wliich are directed distally. In the 
boar, the glans penis resembles a corkscrew in shape, e.xhibitmg a 
shallow spiral groove. 

An os penis is present in members of Marsupialia, Rodentia, Chirop- 
tera. Carnivora, and some Primates. In tlie dog and cat, the bone is 
confined to the glans penis. In the dog, the bone is long and narrow. 
It bears a ventral groove through which the urethra passes. The anterior 
end is pointed and is composed of fibrocartilage. Illustrations of tlie 
bone are presented by Christensen (14) and Miller (69). The os penis 
of the cat is small (approximately 3 to 4 mm. in length) (Fig 11). Its 
proximal end is divided into three short projections, which reflect the 
bifid nature of the body of tlie penis. This structure is illustrated and 
described by Zietzschmann et ah (94). 

Tlie penis is supported from the ventral abdominal wall in most 
of tlie domestic animals; however, in the cat it is directed backward 
and downward from the ischial arch. The size, shape, relativ'c length, 
and size differential in the flaccid and erect states vary greatly between 
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the species. The penes of ruminants and svvine exhibit a 
The flexure is sagittally placed; its lower curvature being maintained by 
the retractor penile muscles (Fig. 12). Urethral processes occur at t 
termination of the urethra in a number of the domestic animals 
the horse the process is short, somewhat centrally placed in th g 
penis, and does not project much beyond the anterior “|remity 
the glans. It is divided from the glans by a sulcus. A dorsal exten 
of the sulcus forms a small blind pouch termed the urethral smus. 



Fig. 11. Section of the penis from a 1-year-old tomcat. Key: a, orethrai 
corpus cavemosum urethrae; c, corpus cavcmosum penis; d, os penis; e, artery 
accompanying ner\'es of the penis; f, vein of the penis; g, nerves of the penis; h, tu 
albuginea. 


the ram and goat, Uie urethral process extends beyond the glans as a 
twisted filament. The urethral process of the bull curves over the surface 
of the glans but does not extend beyond the tip of the structure (F*5' 
12 ). 

Tlic penis is supplied by the deep and by the dorsal arteries of the 
penis. Tlicse usually arise as continuations of the internal pudic, a 
branch of the internal iliac. Some of the vessels may arise from the 
obturator artery in some species. The c.xtemal pudic artery, whlclr 
passes through the inguinal canal, usually complements the dorsal artcr>' 
of the penis by anastomosis. At the ischial arch, another pair of in'* 
porlant arteries arise from the intcrn.'il pudic arteries. Tlicsc arc the 
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arteries of the bulb. They enter the bulb of the urethra and e,Ytend 
anteriorly in the corpus spongiosum. These comments present the 
general arrangement described for the origins of the vessels supplying 
die penis of domestic mammals, but minor modifications occur in each. 

The veins of the penis are named for the arteries they accompany. 
Thus, penile venous drainage in the domestic mammals takes three 
courses; through the veins of the bulb of the urethra and through deep 



Fic. 12. Genital organs of the bull, lateral view. Key: a, penis, b, retractor 
penis mucle; c, posterior preputial muscle; d, superficial inguinal lymph node; 
c, sigmoid flexure; f, external cremaster muscle, g, anterior preputial muscle; h, glans 
penis; i, preputial cavity; j, testis; k, spermatic cord; 1, position of section portrayed 
in Fig. 10. 

and superficial veins of tlie penis which drain by way of the internal 
pudic veins and tlie external pudic veins (through the inguinal canal). 
Of particular importance are the internal pudic veins whose compression 
by tlic ishiocavernosus muscle against the border of tlie ischial arch 
participates (in part) in the function of erection. 

Tlicrc arc a number of features of the topographical and subgross 
angioarchitccture of the penis which have received considerable atten- 
tion and which form the basis for current concepts of its erectile fnnebon. 
Coiled (helicine) arteries are described as primary branches of the 
arteries whicli supply the erectile portions of the penis. Special stnic- 
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tural characteristics have been described for these arteries including 
special modifications of their inner layers which are assumed to 
flow of blood when the penis is nonerect. Tlie presence of som 

structural properties has been questioned (22). Special - 

\ r .1 jii nf tJiA venous SYSieui> 


been described for the corresponding segments of the 

* een emphasized particularly. ^ 


the thick walls of the deep veins have been emphasized ^ 
addition, strategically placed valves, as those described in the dorsa 
of the penis, appear to be of considerable importance in the mam 
of turgidity of the erectile tissues, as well as controlling the re 


engorgement of the corpora cavernosa peni and the corpus cavemosum 


urS:hr1ie. Current concepts of the mechanism of erection ^ 

synergism of two processes: (1) the expansion of the helicine a 
and the contraction of corresponding venules (under nervous con h 
permitting additional blood to enter the erectile tissues and 
exit, and (2) compression of the dorsal vein of the penis against 
ischial arch, thus limiting total flow from the penis. 


deep 


rial arcn, mus unuung loiai now iroin pcju». _ , 

The lymphatic drainage of the penis passes to the superficial ^ 
3 p inguinal nodes. The major nerve supply of the penis , 

. arfoAc frr.m tViA carrfll nortion or tne 


the dorsal nerve of the penis. It arises from the sacral portion ' 
lumbosacral plexus by way of the pudic nerve. The nerve termini e 
at the glans penis and adjacent structures. , ^ 

As stated above, the pelvic portion of the urethra is surrounded ) 
an urethral muscle. This is continued at the ischial arch by the bul 
cavernosus muscle which surrounds the extrapelvic portion of the ure 
and extends a variable distance toward the glans penis. Another p^^ 
of skeletal muscles occur at the ischial arch. These are the 
cavernosus muscles which arise from the tuberous portions of the 
arch, overlie the crura of the penis and converge to the midline 
insert on the crura and body of the penis. When these muscles con 
tract, pressure is exerted against the dorsal vessels of die penis, partia ; 
restricting the return flow of blood from the organ. This is one of the 
mechanisms responsible for erection of the penis. 

In the domestic animals, two bands of smooth muscle arise 
the ventral surfaces of the first few coccygeal vertebrae, pass downwar 
to surround the terminal portion of the digestive tract and continue 
along the ventral surface of the penis to terminate in the anterior 
of that organ near the frenum of the prepuce. These muscles, the retrac- 
tor peni, function to return the penis into the sheath after protrusion- 


2. Prepuce 


the 


Tlie prepuce is an extension of the common integument over **- 
glans penis in animals cxhibidDg a pendulous penis. In the doxnesti 
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quadrupeds, ^vltll the exception of the cat, the penis is held against the 
abdominal wall from its origin to its termination, usually just behind the 
umbilicus, by a fold of the common integument Thus, the prepuce of 
man and of domestic animals is not strictly comparable In tlie latter, 
the entire penis is loosely held by the prepuce The external layer of 
the prepuce usually does not differ markedly from adjacent portions 
of the common integument Frequently, the hair may be sparse and 
sebaceous glands may be more numerous At the preputial orifice, the 
skin turns inward to form the parietal layer of the prepuce The hair 
IS lost and the sebaceous glands are modified to open directly onto the 
surface rather than by the hair follicles The parietal layer passes back- 
ward a variable distance and tlien folds forward at the fomix to become 
contmuous witli the covering of the glans (visceral prepuce) Lymph 
nodules and speciahzed sebaceous glands are located on tlie parietal 
surface and at the fomix 

In the horse, a secondary fold occurs within the preputial cavity, 
constituting a “true prepuce” In the boar, a large diverticulum (the 
preputial diverticulum) occurs in the roof of the prepuce Preputial 
muscles, derived from the cutaneous muscle, are described for the boar, 
dog, and bull, and are illustrated in Fig 12 Although variable, four 
such muscles may occur, an anterior pair and a postenor pair The 
former originate anterior and lateral to the umbilicus and insert at the 
preputial orifice The postenor pair originate in the inguinal region and 
insert on the anterior part of the prepuce 
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oependence of the .ajori^' of pi Ja,’ '« 

sumulafon was Bist experimentally establishe 


:r: th/th,Tcid. and the gonads ah Wme ^rop- ^ 

control of these organs by Ae p/was instituted. ^ 

', substantiated when surcessfu rep sub 


. SUDSiauuaico 

atrophy of the_ gonads fo l<H«ng cmo 


ollowing rc.Mo.... — - * , -^e sub 

;p'edfically of its“anterior lobe, was sho^ 6^ ^ ^ 

sequent perfection of this operat.on m *0 «t in''estig“'“!^, 

able an experimental animal which has prov incepts regattor 

of pituitary control of the gonads. . any based on ■ 

the'^ function of the pituitary have “nsequen J b consiJ»j 

physiology of this animal. Some of the obse . jarifi» 

\ ^ nrnved inadequate, anti lui . maiS' 


physiology of this animal. Some ot itie oose . ^ 

to warrant generalization, have proved to other 


to warrant generalization, nave p.o.en .....---i , 

tion is coming gradually from extension « Mlusving 

malian species. Tlie cessaUon of reproducUve including ^ 

physectomy has now been described in several p > 
rhesus monVey (147). ^ omora 

After hy^iophysectomy in females, ovulation ceases, c ^ 
longer form, follicles do not ripen, and the ovary decre ^verta^^ 
follicles large enough for beginning antrum formaUon ^ 


tomcies large eiiuugu lui »,.vava... 

by atresia. In the atretic follicle the granulosa cells an 

. ^ , , . . . , . .T. Al._ aT onv'Rlone, 


^ .ycht*^ 

remov ed by phagocytosis, lea\ing only the thecal envelope,^ 


envelope, 

tributes to the interstitial tissue ot the ovary. The 
selves undergo regressive changes. Their nuclei become s ^ iff 
pyknotic and the c)'toplasm diminishes. The production o jg sii? 

mones, estrogen and progesterone, is curtailed. Due to i !!„:Toria< 


uterus, vagina, and mammary glands) cease their 

changes, decrease in size, and return to a structure closely (V 

the infantile condition (Figs. 1-8). If the female is 

time hv'pophysectomy is performed the reproductive tract r 

the infantile condition. _ p 5 .' 

In the male the same sequence of changes in the reproducH' ,> 
follows h\'pophyscctomy. Tlic testes rapidly atrophy- Mature 


kA,i>k,v>9 iiic lesies rapiuiy airopiiy. . 

7oa cease to be delivered to the epidid)Tnis; spermatids do « ^ 
and those already present do not conHnue their transforrnati^ ^ 


spermatozoa. Spermato*^^*^ althnnoli formf^d 
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least for a period, do not continue their growth and differentiation but 
become detached from the seminiferous epithelium and are found free 
in the lumen in various stages of degeneration. As tlie number of cell 
layers lining the seminiferous tubules decreases, the tubules decrease 
in size. The interstitial or Leydig cells between the tubules undergo 
regressive changes similar to those seen in the interstitial cells of the 
ovar)'. The accessory organs, including the prostate, seminal vesicles. 



Plate I Effect of hj-popliyscctonij on the o\ar}' (Hcmato\ylm and eosm slam, 
agnifications* X 16 ) 

Fig 1. Ovan’ of normal immature rat, age 28 dajs. 

Fig 2. 0\ary of rat h)’poph)seclomizcd at 27 dajs of age, 9 dajs postoperative 
ote regression in size of ovarj’ and diameter of follicles. 

Fig 3. Ovary of normal adult rat, age 71 days 

'owpers glands, and tubular pathways, deprived of tlie internal secrc' 
ion from tlie Leydig cells, atrophy and in turn cease to secrete. If the 
peration is performed prior to maturit)', testes and dependent reprodiic- 
ivc organs fail to enlarge and differentiate and never become functional 
Figs. 9-11). 

Although full functional performance of the reproductive organs 
as thus been shown to be under control of the anterior pituitaiy*, a 
ertain minimum aclivit)’ continues in the gonads after luTiopliyscctomy. 
^'hc primordial follicles in the ovary* do not disappear, and a limited 
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number even undertake some growth. The ovocytes enlarge and the 
granulosa cells multiply to form follicles with several granulosal layers 
in which an antrum may begin to form. The dev'elopment does not con- 



Tic. 6. Segment of utems of nonnal adult female rat, age 71 <la)s. 


tiniie further without pituitar)' support; atresia overtakes all such fol- 
licles at this or earlier stages of dev’elopment, with death of both ov'um 
and nurse cells. Such follicles do not reach sufficient development to 
produce estrogen in physiologically significrant quantities. Even these 





i8 

Plate III. Effect of hypophysectomy on the vagina. 

Fic. 7. Vagina of normal adult female rat, age 71 days. 

Fig. 8. Vagina of hypophysectomized 27-day.old rat, 10 days after tlie opera- 
tion. Note thinness of all tissue layers and especially flatness of the surface epithelium- 

in the lumen. Eventually the lumen of the tubules becomes free of 
debris, and as the tubule shrinks the potential lumen also becomes 
smaller Tlie tubules are finally lined only by spermatogonia and Sertoli 
cells Both cell types remain clearly distinguishable by their specific 
morphology and characteristic posiHon. A few spermatocytes remain, 
but their number diminishes progressively with longer postoperative 
periods. Tlie cyloplasm of the Sertoli cells, in which spermatids no 
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101 i,;e embedded, is clearly visible as filamentous stran s, e- 

qt I'l/K . btituting the only contents of the lumen of the lu ue. 

m spennatogonia, although uncommon, can be found for some 
tmii’ Le\dig cells are small but distinguishable from the stroma con^ 
iiitUve tissue cells in the intertubular spaces. The condensation o 
nuclear chromatin of the Leydig cells, which accompanies reduction m 
nuclear size, results in a peculiar pattern similar to that of the atrop 
or “deficient” interstitial cells in the ov^ary. . 

This pattern of regression of the reproductive system, 
characteristic after surgical removal of the anterior lobe ( or its comp 
destruction by any agent, such as radiation) has been described 
pertains to the rat The sequence of changes is, however, tj'pica 
those which ensue in most species investigated. One peculiarity o 
rat is the persistence of corpora lutea w hen the h>Tophysectomy 
performed after sexual maturity. Although such corpora lutea are n ^ 
functional, that is, do not produce progesterone, they retain their 
morphology indefinitely, whereas the life span of corpora lutea in 
normal cyclic rat is only about 16 days. 

n. Substitution Therapy 

Reinstatement of the reproductive tract was first accomplished, ^ 
least with sufficient success to support the concept of the dependen 
of tile gonads on the pituitary, by reimplantation of fresh pituitar)' tissue 
nnd by administration of saline suspensions of anterior pituitar)' ( ’ 

146). Further confirmation of the dependence of the gonads on t 
pituitary was afforded by induction of precocious puberty. This n 
achieved almost simultaneously and independently by Smith (14o) 
hy Zondek and Aschheim (176). .After injection of pituitary substance* 
into infantile rats and mice, puberty followed within 3 or 4 days. 

Tlrerc were some notable limitations, however, in the succes* 
achieved by pituitary therapy. In the hypophysectomized male r* ' 
growth of the testis and rrrsumption of spermatogenesis resulted, 
rcestohlishmcnt of accessory organs and even fertility (146). I" 
normal immature male, pituitary c.\tracts had only a limited effect h” 
sirccess was achieved in induction of precocious puhert)'. TIrough the 
l.cydig cells responded, the desclopmcnt of the seminiferous epilheliot" 
was not accelerated. This failure in the immature male remains one o' 
the unsolved enigmas, not only for the rodent, but for all species in- 
vestigated. In the normal immature female, injection of pituitar)' 
tracts fr«iucntly resulted in ovulation, hut this ■rvas not the case in •>'‘' 
hypophysectomized female, in which follicular development was more 
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commonly followed by trapping of ova wthin luteinized bodies than by 
ovulation and true corpus luteum formation. 

Persistent efforts have been made to isolate the substance or sub- 
stances present in the anterior pituitary which are responsible for 
gonadal stimulation, and to determine whether these factors are distinct 
from those mediating other physiological actions of the pituitary. The 
growth-promoting potency of the pituitary' was the first to be distiri- 
guished as separate from its gonadotropic action; adrenocorticotropic 
and tl\)Totropic activities were later acknowledged to be due to separate 
substances. It is still a question whether all phases of stimulation and 
transformation induced in the gonads by pituitary' extracts are due to a 
single gonadotropic substance or to multiple factors. It appears more 
probable that different phases of ovarian growth and activity, including 
follicular growth, corpus luteum formation, and repair of interstitiiil 
tissue, and production of tlie ovarian secretions, estrogen and proges- 
terone, are under the combined hormonal control of several pituitar\' 
factors. In the male as well, the liormonal control of gametogenic and 
endocrine functions of the testis has not been entirely elucidated. 

II. The Pituitary Gonadotropic Complex: FSH and ICSH (LH) 
The gonadotropically active substances in anterior pituitary extracts 
have been found to be associated with proteins, and fractionation pro- 
cedures adaptable to the separation of proteins have been applied in 
efforts to separate the gonadotropins from otlier biologically active Or 
inert contaminants. Certain fractions, when fesfeci’ m immature femaib 
rats, were found to cause growth of follicles; such follicles, although 
sometimes attaining full preovulatory' size, did not progress to the forma- 
tion of coqjora lutea. The fraction remaining after removal of tluj 
follicle-stimulating component, although showing no gonadotropic ac. 
tivity when given alone to normal immature rats, resulted in corpus 
luteum formation when recombined witli the first fraction. From sucli 
evidence it was concluded that these two phenomena, follicle growlli 
and corjnis luteum formation, are under separate hormonal control. 
TIic activ’c principle in the first fraction was called tlie follicle-stimulals 
ing liormone (FSH); that in the second fraction, the luteinizing hormonQ 
(LII) (62). In hypophyscctomized immature rats the first fraction 
stimulated follicular growlli but did not lead to luteinizalion. TIiq 
second fraction, added to the first, resulted in luteinizalion of the fol-. 
lick's. Given alone to hy’poplmcctomizcil rats the second fraction had 
us its only gonadotropic action the repair of the deficient inlcrstitinl 
cells of the ovary'. For this reason this fraction has also !>ocn designated 
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the luieratil-al cell-stimulating hormone (57) (Figs. 12-14).^ s 
fraction li been found to have a similar action on the testis m 

)C atomized male, namely, the repair of the deficient interstna 
or Le\dig cells, the designation interstitial cell-stimulating hormone 
tICSH) may be preferable. 


Plate > . Ovaries of rats hypophyscctomized at 26-28 days of age, lO-i- “ ^ 
after the operation. (Hematoxylin and cosin stain; magnification: X 19*) 

Fic. 12. Untreated control. 

Fig. 13. ICSH treatment for 3 days. Note that interstitial tissue repair 
only cITcct of this pituitary fraction. 

I'jc. 14. FSH treatment for 3 days. Note development of many follicles tf’ 
dium and large size, in the presence of defi<ncnt interstitial tissue. 

Although pituitary' factions exert well-defined gonadotropic action^ 
in the female In support of growth of germ cells, the relation which 
two gonadotropins. FSH and ICSII, bear to maintenance and stimubdo'; 
of the semmderous epithelium of the testis is not as well clarified- » 
swmed probable at first that the folliclc-stimulatinR fraction, which 
gamctobinctic in the female, leading to enlargement of the osa.m Aud 
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multiplication of its sister granulosa cells, would have a similar action 
in the male. Thus it was anticipated tliat FSH would induce growth 
and differentiation of the male germ cells and perhaps their nurse cells, 
the Sertoli cells. The corollar)' that the Leydig cells, known to regress 
after hypophysectomy in a manner similar to the interstitial cells of the 
ovar)% would respond like ovarian interstitial cells to the second frac- 
tion, ICSH, did prove correct. 

The hypothesis of a gametokinetic action of FSH in tlie male, al- 
though still widely accepted as established, is on less secure grounds, 
and ICSH may prove to be the most important gonadotropic factor both 
for gametogenic and endocrine functions of the testis. The observation 
that the male sex hormone itself can maintain and even stimulate 
spermatogenesis (167) focused attention on the importance in the 
male of the second pituitar)' gonadotropic fraction, ICSH, because of 
its Leydig cell-stimulating and consequent androgenic activity. It ap- 
pears possible, even probable at present, tliat ICSH is the gonadotropic 
pituitary fraction necessary in the male, botli for spermatogenesis and 
for androgen secretion (Figs. 15 and 16) (139, 141). Further e.xperi- 
mentation will be required to explain why spermatogenesis cannot be 
maintained for long periods by ICSH or by testosterone, and why 
neither readily reinstates spermatogenesis if a period of regression is 
allowed between h)^ophysectomy and replacement therapy. The im- 
portance of FSH in the male at some stage of tubular growth and dif- 
ferentiation, or in S)Tiergic action with ICSH, may still be established 
(142). 

Table I shows the relative potencies of the various pituitary gonado- 
tropins and testosterone in the hj'pophysectomized male rat, both their 
effect on Leydig tissue as reflected in growth of accessories, and their 
action on the seminiferous tubules as sho\Mi by the increase in testicular 
size and production of sperm. It will be noted that the pituitar)' ICSH 
(and nonpituitar)' interstitial cell stimulators as well, namely, human 
chorionic and equine gonadotropins) stimulated the seminiferous tubules 
at doses even lower than those which induced growth of the male ac- 
cesson.' organs. It is assumed that testosterone produced by the stimu- 
lated Leydig cells was in all cases the active factor affecting the semi- 
niferous epithelium. The action of in|ectcd testosterone propionate was 
maixifcstcd by testicular tubular development and accessory’ organ en- 
largement at approximately the same dose level. Purified pituitar}’ FSH, 
on the other liand, had no effect on the accessory organs or on the 
tubules until such high doses were given that lliey were beginning to 
show that contaminating ICSH was present. 
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TABLE I 

COMPAIIISON OF TIIE SPEHMATOCEVIC ASD ANDnOCtMC PnOPEPTlES OF VARIOUS 

Gonadotropins nnthi Those ov Testosterone Propiovate in H\po 
rmsECToMizFD 40 -Da'\ Old Male Rats ( 139, 141, 142) 


Material injected 
from 40 to 55 
days of age 

Daily dose 
(ing ) 

No of 
rats 

Testes 
(mg ) 

Seminal 
vesicles 
(mg ) 

Prostate 
(total) 
(mg ) 

Sperma 
tozoa m 
epididyanis 
(■^o) 

Testosterone 

25 

6 

1737 

1319 

719 

100 

propionate 

0 50 

6 

1604 

1110 

596 

100 

subcutaneous 

0 25 

16 

692 

675 

399 

40 


010 

6 

897 

285 

240 

50 


0 050 

5 

638 

80 

126 

0 


0 025 

5 

528 

23 

72 

0 

Human cliorionic 

0 500 

5 

1710 

99S 

586 

100 

gonadotropin, 

0 050® 

5 

1716 

217 

211 

100 

subcutaneous 

0 025 

10 

1703 

141 

117 

100 


0 010 

10 

1429 

79 

65 

100 


0 005 

14 

1070 

18 

47 

70 


0 0025 

17 

915 

18 

52 

40 


0 0010 

5 

515 

IS 

44 

0 

Pituilaiy inter- 

10 

5 

1118 

74 

193 

60 

stitial cel! 

0 030 

5 

1472 

65 

151 

100 

stimulating 

OOlOf 

8 

1063 

32 

92 

75 

hormone, IP 

0 0025 

5 

743 

19 

59 

20 

Pituitary follicle 

100 

4 

1702 

18 

64 

100 

stimulating 

0 50 

5 

1188 

10 

48 

80 

hormone sub 

0 25 

10 

773 

19 

48 

30 

cutaneous 

0 050^ 

12 

643 

16 

40 

0 

Pregnant mare 

0 035 

5 

2523 

1187 

542 

100 

serum gonado- 

0007® 

4 

2080 

20G 

245 

100 

tropin IP 

0 005 

5 

1712 

97 

141 

100 


0 002 

5 

1572 

27 

76 

100 


0 0003 

4 

539 

16 

37 

0 

Hypopbyseclo- 
mized 40 days 
15 days post- 
operatuc 


242 

453 

18 

48 

0 

Normal 40 days 


246 

1354 

42 

129 

0 

Norma! 55 days 


52 

2333 

235 

305 

100 


® Mmim'xl effectise dose (MED) ns assayed m noDRal immature female rats 
total dose In 4 da^’S 

^ MED as assayed In lo’pophj’sectomized immature female rats total dose m 
3 days 
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' >u' t' also is capable of producing estrogenic substances in p 
. 1 some animals, such as the stallion. Tlie tisstic of 
' .I’ernal secretion of the testis has been attributed by some o 
M .toll cells, and by others to Lcydig cells as well, both * 

I'.iscd on tlie endocrine activity of certain testicular tumors 'h 
As FSn has been further purified, and further freed rom 
taminating ICSH, larger multiples of the minimal cffeclivc ose 
been required to produce the eslrous vagina and uterus. It wu 
have been anticipated that some ICSH would be required for fu ^ ; 
and secretory function of the follicle, inasmueb as ibc cells of t le 
interna, forming the nutritive envelope of the follicle, Imvc t le 
origin as the interstitial tissue and arc likewise under tbe 
ICSH. No preparation of FSII has been freed entirely from I 
more highly purified preparations usually contain between 1 
and 1 part in 40 of ICSH. It is ibcrefore impossible at present to 
termine with certainty whether a small amount of ICSH is rcquisi 
estrogen production, or wbclber there is a certain optimum propo 
of FSH and ICSH which is needed. Students of the subject 
even agreed on the tissue of origin of tbe estrogen, some being m 
to the view that it is the thecal component of the follicle, the 
terna, and its derivative interstitial tissue which secrete estrogen, x 
than the granulosal wall of the follicle. 


A. Synergism and Antagonism between Conadotroptn^ ^ 
The biological activity of gonadotropic fractions could be 
more readily if it were not for the complex interrelations which e 
between these hormones. For example, doses of ICSH too low to ca 
corpus luteum formation when given simultaneously with FSH n®' j 
theless augment its action. Follicular growth is more marked » ^ 
ovarian weights are greater than from the same dose of FSH given aj® ^ 
(Table II). This phenomenon of “synergism” or “augmentation 
shown best when both components are injected subcutaneously- 
FSH and ICSH can, however, be given at separate subcutaneous s> 
(58), whereas in the nonspecific augmentation which results from | ‘ 
jection of salts of heavy metals, the augmenting agent must he 
jected at the same site as the FSH, This suggests that nonspecific au^ 
mentors may change the rate of absorption of the FSH. 

Higher doses of ICSH given subcutaneously ^vith FSH not on> 
augment the action of FSH on growth of follicles, but also promote ti 
fetation of corpora lutea (Table H). Luteinization can occur ‘ 
follicles even when ova are not shed, in which case false corpora lut^ 



TABLE II 

SvNxnnisvr nET^vcLN PiTUiTAnv FSII and ?CSH at Low and High Doses in IIypophyscctomizcd Female Rats« 
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are formed. Such false corpora are composed chiefly of luteinized the 
cells, and the granulosa and ovum eventually disappear from these str^ 
tures. In normal corpus luteum formation, the granulosa as well as c 
theca is luteinized; in fact, granulosa lutein cells predominate in ^ 
normal corpora lutea of most species. It is not clear which honnon® 
causes the epithelial transformation of the granulosa cells. There ^ 
indication that the FSH itself is responsible, but it must be remember 
that FSH has not been completely purified. Considerable confusio^ 
has been introduced into the literature by indiscriminate designation^o 
true corpora lutea and thecal luteinized structures as “corpora lutea- 
When combinations of FSH and ICSH are injected and the ICSH 
given intraperitoneally, the action of the FSH is frequently found to e 
reduced instead of augmented. Whether this antagonizing of gonads 
tropic action is an intrinsic property of ICSH or is due to an accompao)' 
ing factor, the “antagonist," is not known (69, 158). . ^ 

Synergistic reactions have also been reported in the male foUo^v^o 
simultaneous injection of FSH and ICSH, leading to increased weighs 
of testes and accessory organs beyond those resulting from injecbo^ 
of the separate components (57, 142). The phenomenon of synergism ^ 
the male has not, however, been as definitely established as in the 
male. The phenomenon of antagonism has not been reported in lb® 


III. Prolactin as a Member of -niE Gonadotropic Compi^ 

A third pituitary hormone, which causes the corpus luteum to secrel 
progesterone, appears to be necessary for full reproductive function m 
the female. Corpora lutea in animals with very short cycles, 
the rat, do not become functional unless the animal breeds, in 
case the corpora lutea persist and secrete progesterone. The life of tn® 
corpus luteum can also be prolonged and secretion of progesteron 
induced by cervical sUmulaUon or by the injecHon of pituitary estracb- 
Tlie preparation of the endometrium thus provided by progesterone m 
the ferUlized animal allows implantation of the ovum. In the non- 
pregnant animal the proliferative state of the endometrium can W 
demonstrated by its ability to nidate threads inserted through the endo- 
metnum, resulting in placentoma formation, a reaction useful as a l« 
for corpus luteum function. Purified prolactin injected into an animo' 
wine!, has recently osmlated will also induce corpus luteum secrchoo 
and result m uterine responsiveness to sUmulation (55, 56). Tlie 
lary factor rausing corpora lutea to function iias therefore comnionl) 
liccn identified witli prolactin. It is sometimes called the lutcoli^'' 
hormone (1). a term not to he confused with luteinizing hormone. Tl" 
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role of prolactin in inducing secretion of progesterone by tlie corpora 
lutea has not been established in many species. A substance with luteo- 
tropic properties similar to those of prolactin is present in the placenta 
of some animals (5). Chorionic gonadotropin has been reported to have 
a luteotropic action in women (15, 16). There is as yet no proven 
role of prolactin in the mammalian male. 

IV. Che^hcal Fractionation of PixurrARY Gonadotropins 

Highly purified proteins, associated predominantly witli one or tlie 
otlier gonadotropic action (follicle stimulation or repair of interstitial 
cells) and having widely different physicochemical properties, have 
been separated chemically from anterior pituitary substance and desig- 
nated as the follicle-stimulating and interstitial cell-stimulating hor- 
mones. Whether ‘the active principles are really proteins, or smaller 
units, such as polypeptides attached to specific proteins, has not been 
completely clarified. In fact, the concept of two separate pituitary 
gonadotropes as just defined is not entirely acceptable to all workers. 

Further elucidation of the compIaK subject of the interrelation of 
the pituitary hormones and reproductive processes has been slowed by 
the nonavailability of pure hormones. In turn, the chemist has been 
handicapped by die necessity of relying on biological assays for identi- 
fication of die hormones, and for determination of their freedom from 
biologically active and inactive contaminants. The cliemical and physi- 
cal means available enable die chemist to detect contaminants in the 
Drder of one-half to one per cent. The biological reactions can bo elicited 
by much smaller amounts dian the chemical, being exceeded in sen- 
sitivity only by certain of die immunological reacdons. Tlie biological 
end points for different hormones are, however, not of equal or of pre- 
dictable sensitivity. The effective dose range of the pure hormone not 
being knowTi, the chemist may pursue in his chemical manipulations 
die carrier protein and finish widi a product which from physicochemical 
criteria could he regarded as homogeneous, and identified as the hor- 
mone by the biological assay, yet could consist of 99% inert protein and 
1% hormone. Only with improvement of the chemical criteria can 
sudi erroneous conclusions be rectified. 

Table III presents data shouang die purity attained in chemical 
fractionations of the three pituitaiy gonadotropic hormones, as well ns 
the pregnancy gonadotropins to bo discussed later. The chemical at- 
tributes of these hormones arc included, when knowai, and also the 
biological activity of the purified products. 


74 


MIRIAM E. SIMPSON 


are formed. Such false corpora arc composed chiefly of luteinized thecal 
cells, and the granulosa and ovum eventually disappear from these struc- 
tures. In normal corpus luteum formation, the granulosa as well as the 
theca is luteinized; in fact, granulosa lutein cells predominate in the 
normal corpora liitea of most species. It is not clear which hormone 
causes the epithelial transformation of the granulosa cells. There is some 
indication that the FSH itself is responsible, but it must be remembered 
that FSH has not been completely purified. Considerable confusion 
has been introduced into the literature by indiscriminate designation of 
true corpora lutea and thecal luteinized structures as “corpora lutea. 

When combinations of FSH and ICSH are injected and the ICSH is 
given intraperitoneally, the action of the FSH is frequently found to he 
reduced instead of augmented. Whether this antagonizing of gonado- 
tropic action is an intrinsic property of ICSH or is due to an accompany- 
ing factor, the “antagonist,” is not known (69, 158). 

Synergistic reactions have also been reported in the male following 
simultaneous injection of FSH and ICSH, leading to increased weights 
of testes and accessory organs beyond those resulting from injection 
of the separate components (57, 142). The phenomenon of synergism in 
the male has not, however, been as definitely established as in the fe- 
male. The phenomenon of antagonism has not been reported in the male. 

HI. Prolactin as a Member of the Gonadotropic Complex 
A third pituitary hormone, which causes the corpus luteum to secrete 
progesterone, appears to be necessary for full reproductive function in 
the female. Corpora lutea in animals with very short cycles, such as 
the rat, do not become functional unless the animal breeds, in which 
case the corpora lutea persist and secrete progesterone. The life of the 
corpits luteum can a}sc he proJettged sad secretion of progesterone 
induced by cervical stimulation or by the injection of pituitary extracts. 
The preparation of the endometrium thus provided by progesterone in 
the fertilized animal allows implantation of the ovum. In tlie non- 
pregnant animal the proliferative state of the endometrium can be 
demonstrated by its ability to nidate threads inserted through the endo- 
metrium, resulting in placenloma formation, a reaction useful as a test 
for corpus luteum function. Purified prolactin injected into an animal 
which has recently ovulated will idso induce corpus luteum secretion 
and result in uterine responsiveness to stimulation (55, 56). The pitui- 
tary factor causing corpora lutea to function has therefore commonly 
been idcntiBed with prolactin. It is sometimes called the luteotropic 
hormone (4), a term not to be confused with luteinizing hormone. The 



GONADOraOPINS IN BEPRODUCTION 


75 


role of prolactin in inducing secretion of progesterone by the corpora 
lutea has not been established in many species. A substance with luteo- 
tropic properties similar to those of prolactin is present in the placenta 
of some animals (5). Chorionic gonadotropin has been reported to have 
a luteotropic action in women (15, 16). There is as yet no proven 
role of prolactin in the mammalian male. 

IV. CHE^^cAI. Fractionation of PrrurrARY Gonadotropins 

Highly purified proteins, associated predominantly with one or the 
other gonadotropic action (follicle stimulation or repair of interstitial 
cells) and having widely different physicochemical properties, have 
been separated chemically from anterior pituitary substance and desig- 
nated as the follicle-stimulating and interstiti^ cell-stimulating hor- 
mones. Whetlier ‘the active principles are really proteins, or smaller 
units, such as polypeptides attached to specific proteins, has not been 
completely clarified. In fact, the concept of two separate pituitary 
gonadotropes as just defined is not entirely acceptable to all workers. 

Further elucidation of the complex subject of the interrelation of 
the pituitary hormones and reproductive processes has been slowed by 
the nonavailability of pure hormones. In turn, the chemist has been 
handicapped by the necessity of rel)dng on biological assays for identi- 
fication of tile hormones, and for determination of tiieir freedom from 
biologically active and inactive contaminants. The chemical and physi- 
cal means available enable the chemist to detect contaminants in the 
order of one-half to one per cent. The biological reactions can be elicited 
by much smaller amounts tiian the chemical, being exceeded in sen- 
sitivity only by certain of tiie immunological reactions. The biological 
end points for different hormones are, however, not of equal or of pre- 
dictable sensitivity. The effective dose range of tiie pure hormone not 
being known, the chemist may pursue in his chemical manipulations 
the carrier protein and finish witii a product which from physicochemical 
criteria could be regarded as homogeneous, and identified as the hor- 
mone by the biological assay, yet could consist of 99^ inert protein and 
1^0 hormone. Only uitii improvement of tiie chemical criteria can 
such erroneous conclusions be rectified. 

Table III presents data showing the purity attained in chemical 
fractionations of the three pituitar)' gonadotropic hormones, as well ns 
the pregnancy gonadotropins to be discussed later. The chemical at- 
tributes of these honnoncs are included, when knowm, and also the 
biological activity of the purified products. 
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V. Species SPECiFicrry in PirurrARY Gonadotropins 
A. Antihormones {Antibody Formation) 

The nonspecies specificity of hormone action has been one of the 
basic concepts underlying endocrinology and this principle has been 
thought applicable to the gonadotropins. Table III shows that many 
of the physicochemical properties of the gonadotropins extracted from 
pituitaries are strikingly similar, although the hormones have been 
derived from difEerent species. There is, furthermore, a striking parallel 
in biological effects of the gonadotropins in different species, and even 
in different vertebrate classes. The common experience is, in fact, that 
the gonadotropins are freely interchangeable in different species. Sheep 
gonadotropin causes ovulation in the cow. Gonadotropin prepared 
ftrom human pituitary causes follicular growth and ovulation in the 
mouse. Sheep and hog pituitary gonadotropins cause follicular growth 
in the ovaries of monkeys and of human beings. Gonadotropins from 
beef, sheep, or pig pituitaries induce ovulation or spermiation in the 
frog and toad, Pituitary prolactin derived from mammalian sources not 
only induces mammary secretion in many mammah’an forms but is 
highly effective in inducing secretion of food for the young (crop-milk) 
in pigeons. 

The nonspecies specificity of gonadotropins has, however, been ques- 
tioned on the basis of results from chronic injection of hormones from 
one species into another (31, 36, 52, 177). The initial stimulus from a 
gonadotropin from heterologous pituitaries has been noted in some in- 
stances to decrease or cease on continued injection, and the serum of 
such chronically injected animals, when injected with the gonadotropin 
into a second individual, has prevented the anticipated gonadotropic 
stimulation. This substance in the serum of chronically injected animals 
has not always been found to be associated ^vith typical antibodies, 
such as precipitins or agglutinins. The phenomenon has therefore not 
usually been identified ^vith true antibody formation, but has been 
designated antihormone formation. Tlie development of inhibitory sub- 
stances has in some instances been traced to the presence of contaminat- 
ing proteins derived from the pituitary or serum of the source animal. 
The “antihormone” in some instances has not been specific in its action 
against the gonadotropin injected, but has also been able to inhibit Uie 
action of pituitary' gonadotropins from other species or nonpituitary’ 
gonadotropic agents. The serum of chronically' injected animals, instead 
of preventing the action of tlic administered gonadotropin, in some in- 
stances has been observed to increase its action in a second recipient. 

It should be home in mind tliat the degree of purity of the honnones 
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injected has varied considerably, and very few, if any, entirely pure 
substances have been available for such studies. More investigation \vill 
be required in order to interpret satisfactorily the species specificity or 
nonspecificity of gonadotropins by the phenomenon of antihormone 
formation. 

B. Species Differences in Biological Response to Gonadotropins 
Other experimental evidence which has necessitated re-evaluation 
of the concept of nonspecies specificity of hormone action has arisen 
from certain instances of an initial failure of response in the target 
organ of one species when treated with pituitary “tropic hormones de- 
rived from another species. Wliereas the growth hormones derived from 
bovine, monkey, human, and whale pituitaries have all proved efiective 
in the usual test animal for this hormone, the hypophysectomized rat 
(95, 126), it has been found that fliis nonspecificity of responsiveness 
is not true of other animals. Beef growth hormone has been sho\vn to 
be effective in fish, but growth hormone derived from fish has not 
proved effective in mammals (169). The refractoriness of primates 
(monkey and man) to groNvth hormone derived from the usual animal 
soiurce (beef or sheep pituitary) is well known, but an anabolic response 
to primate growth hormone has been obtained in a few instances (10, 
85). With regard to gonadotropins, it has been found that primates 
usually give a limited response to pituitary preparations derived from 
nonprimate sources. FSH derived from pig or sheep pituitaries, or equine 
gonadotropin, readily induces follicular enlargement in ovaries of 
women and monkeys, but is inefficient in inducing ovulation. On the 
other hand, ovulation has been induced readily in monkeys by monkey 
pituitary preparations (165, 166). From recent chemical studies it ap- 
pears that the species differences in chemical structure of hormones 
may involve a single amino acid, or single end group (45, 97). In some 
species these minute chemical differences appear to determine the bio- 
logical response. Attention should again be drawm to the many ob- 
scr\'alions showing that tlic hormones are usually interchangeable be- 
tween many different species. 

VI. UccuiATiojf OF PnonuenoK an© Secuctiox of Pituitaiw 
GOKADOmOPtNS 

A. Aclion of Gonadal Steroids on the PUuitajy 

At least two mechanisms arc known to be important in the regulation 
of the gonadotropic actirily of the pituilar>*: the first, hormonal; tlie 
second, nctiTal. 

All of the gonadal steroids— <slrogcn, progesterone, and testosterone 
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— have been reported to inhibit gonadotropin production by the pituitary 
and, correspondingly, to lower the amount of circulatmg hormone (73, 
136) The estrogens are by far the most effective Even at low closes, 
estrogens restore normal cytology in the castrate’s pituitary, reduce its 
elevated gonadotropic hormone content (125), and reduce the excess 
concentration of circulating gonadotropins These effective doses of 
estrogen are well within the physiological range, bemg below the level 
necessary to cause comification of vaginal epithehum or uterine stimu 
lation (19, 20, 63) Tlie effects of estrogen on pituitary production 
and secretion of gonadotropins can be demonstrated by direct bioassay 
of the pituitary and of the plasma Parabiobcally united rats are also 
well adapted for demonstration of this pituitary steroid inlerrelaboDship, 
since they reflect the serum hormone levels Estrogen mjected in small 
amounts into a castrate rat is able to inhibit the secretion of gonado- 
tropin by the pituitary and so prevent the hypertrophy which othenvise 
would occur m the ovary of the normal (or hypophysectoinized) para- 
biotic twm ^ Larger doses of either progesterone or androgens are re- 
quired for this pituitary suppression 

B Direct Action of Gonadal Steroids on the Gonads 
Testosterone propionate does not appear to be as effective in tlie 
female as estrogen in suppressing the gonadotropic activity of the 
pituitary, greater than physiological levels being required at least in 
some of the species studied (13) A.ctivity in tlie testis of the rat can be 
suppressed by relatively low levels of testosterone propionate, pre- 
sumably through pituitary suppression Higher doses, however, stimu- 
late testicular activity by direct action on the testis (105) This direct 
action of testosterone on the testis occurs in the absence of the pitmtary 
Local stimulation of the testis has been demonstrated in two species, the 
rat and monkey, the reaction being confined to the tubules adjacent 
to crystals of the androgen implanted in tlie testis (46, 148) 

It should also be noted that estrogen has been shown to exert a 
direct action on the ovary, causing follicular stimulation in the liypo- 
physectomized rat (170) 

C Interpretation of Cyclic Ticproductwc Fhenomcna m the Vcinalc 

The usual interpretation of cyclic reproductive phenomein in fein'ile 
mammals is based on alternating inhibition of pituitary gonadotropic 

I Tills is interpreted as due to the persistence in tlic circulitlon of the gonado- 
tropin from llio castrate pituilarv and its transmission into the parabioticaliy uoite^l 
animal, whereas estrogen is destroyed quicl»b t)j the liver and is not transfcrrtd in 
ph>-siologica! quanllUes to the partner 
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secretion by gonadal steroids, followed by reinstatement of secretion 
as the level of steroid falls. During the human menstrual cycle the 
gonadotropic content of the urine is higher at mid-interval Follicular 
growth takes place during the first half of the cycle. At mid-cycle there 
is a preovulatory spurt in follicular growth rate, which probably cor* 
responds in time to the mid-cycle increase in urinary gonadotropin. 
The larger follicles secrete increased amounts of estrogen, and it is 
assumed that when the estrogen content of the blood reaches a certain 
concentration the gonadotropic hasophils of the pituitarj' are checked in 
production and secretion of FSH. Nothing is knoN\m regarding c)'clic 
changes in the rate of production or secretion of the luteinmng factor, 
but the additional assumption is made that an increased secretion of 
ICSH (LH) occurs at mid-cycle, resulting in ovulation. It is known that 
estrogen injected under certain circumstances causes the outpouring of 
luteinmng hormone, and this may be the mechanism which normally 
completes the cycle (61, 84). Progesterone may check continued pro- 
duction and release of ICSH (LH). The control of prolactin secretion 
and its relation to these hormonal balances has not been elucidated. 

D. Neural Control of Fifuitari/ Gonadotropic Activity 
Although ovulation in the rat was observed to be spontaneous, oc- 
curring rhythmically at a given phase of the estrous cycle, it was found 
subsequently that ovulation in some other species, e.g., in the rabbit, cat, 
and ferret, occurs only foUoNving breeding. The earlier concept that 
release of the luteinizing principle is hormonally controlled by inter- 
action of pituitary and ovarian hormones therefore had to be modified, 
at least for some species, to include a neural release mechanism. It was 
found that ovulation in the rabbit did not follow copulation if the con- 
nection beriveen the hypothalamus and the pituitary had been inter- 
rupted by severanr^ of the infundibulum or by chemical blockage. 
Ovulation could, however, be induced in such animals by injection of 
a luteinizing hormone. These findings have been interpreted as showing 
that the failure to ovulate after severance of the infundibulum was due 
to interruption of an impulse, neural in origin, transmitted neurally or 
by the pituitarj'-portal vascular connections. In the absence of this 
ncurohumoral stimulation the pituitary failed to secrete luteinizing 
hormone (or the so-called ovulation hormone). There is now reason to 
l>clic\ c tliat e\'cn the rhj'thmic mailalion in the rat is mediated by h)-pt>- 
thalamic stimulation, which causes the release of omlatoiy hormone 
from the pituitary (59). In seasonal breeders, such as the deer, changes 
in intensity of light or seasonal additions of required food factors may 
be important in initiating the ncurosecrctor)' sequence in the pituitary. 
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VII. Hormonai. Factors Necessary for Ovulation 

Although experimental induction of ovulation in rodents on injection 
of gonadotropins was demonstrated 30 years ago, the practical applica- 
tion of this knowledge has not been satisfactory. Although ovulation or 
superovulation has been induced in a number of species, the response 
has been found to be undependable. The incidence of ovulation has 
varied with the season in seasonal breeders, with the time in the cycle 
in animals with cyclic estrus, and with age, strain, and other undeter- 
mined factors. The effects of therapy have not always been distinguish- 
able from spontaneous physiological changes or, in sterile animals, from 
spontaneous recovery (114, 115). Furthermore, induced ovulation fre- 
quently has not been coordinated witli the occurrence of behavioral 
estrus, so that the animals would not breed. Gonadotropins have there- 
fore proved of little value either in the breeding of farm animals or in 
solution of problems of human sterility. In experimental ovum trans- 
plantation in rodents, advantage has been taken of the multiple ova 
recovered after superovulation, and the capture of multiple ova from 
valuable farm animals for transplant and nurture in lower-grade foster 
mothers is of more than academic interest. There has also been some 
interest in efforts to induce ovulation at will in animals which otherwise 
would breed only seasonally. 

Several recent reviews on the induction of ovulation in farm animals 
are available (28, 39). The earlier studies in sheep and goats were 
promising (33), but later work showed diat the response was sporadic 
and fertility was low, due in part to lack of coordination between 
ovulation and estrus. In goats spontaneous ovulation of 4 or more ova 
has been reported following injection of 200-400 I.U. of equine gonado- 
tropin (pregnant mare’s serum, PMS) (64). In sheep, doses of 500 to 
2000 I.U. of PMS resulted in the shedding of as many as 29 ova, and 
simultaneous administration of progesterone was reported to result in 
coincident estrus (133, 134). 

Successful efforts to induce ovulation in cattle, both adults and 
calves, have been reported from injection of both PMS and pituitary 
gonadotropins. In cows, 3600-4500 I.U. of PMS followed by 2000 I.U, of 
human chorionic gonadotropin (HCG) resulted in tlie shedding of an 
average of 26 ova. IVhen corpora lutca were present at the time of 
injection, the percentage of ovulab'ons was higher (135). Gonadotropin 
from sheep pituitary, administered initially in wax pellets containing 
1500 RU (rat units), followed 2 to 9 days later by a single intravenous 
saline injection containing 1000 RU, resulted in llie liberation of as many 
as 3S ova within 24 hours after the intravenous injection. Similarly, pre* 
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liminary treatment with 1500 I.U. of PMS, followed 5 to 6 days later by 
sheep pituitary extract, resulted in superovulation (160). One or more 
ovulations resulted in over half of a group of calves injected for 3 to 4 
days, subcutaneously, with anterior pituitary extracts (high in FSH), fol- 
lowed by HCG administered intravenously. As noted previously for 
adults, repetition of the treatment was more successful than the first 
attempt, and this again was attributed to the presence of corpora lutea 
(110), Ovulation in of sows has been reported foUoNving in- 

jection of PMS during lactation, the uniformity of results being at- 
tributed to the stability of the physiological state (80). 

Ovulation can be induced more reliably in several types of rodents. 
In the rabbit, a nonspontaneously ovulating animal in which growing 
follicles are constantly present, ovulation can be induced readily wthin 
a few hours by pituitary preparations or chorionic gonadotropin (the 
basis of the Friedman test for pregnancy). Immature mice and rats 
can be made to ovulate ^vjthin 3 to 4 days by appropriate doses of 
either pituitary gonadotropic hormone, HCG or PMS. Mature mice have 
been reported to ovulate, irrespective of the time of the cycle, when 
injected with 1 I.U. of PMS, followed 40 hours later by 2 I.U. of HCG. 
Although supcrovulation resulted in 99^ of these mice, estrous, mating, 
and pregnancy occurred in only 75^, and mean litter size did not ex- 
ceed normal (67). In normal immature rats superovulation has been 
found to follow so reliably after injection of doses of 20 I.U. of PMS, 
followed 54 hours later by 20 I.U. of HCG, that these doses have been 
adopted as practical for study of the mechanism of ovulation and for 
collection of ova for artificial implantation (12). Although multiple 
ova, 37 or more, may be shed by the immature rat after such ovarian 
stimulation, this does not necessarily result in heightened fecundity; 
low rates of mating and fertilization, and frequency of fragmentation of 
eggs diminish the final numbers of young born. Such losses have been 
interpreted as due to poor hormone balance (6). 

Tljcrc lias'c been a few reports of successful induction of ovulation 
in women (41). Isolated instances have been reported following in- 
jection of pituitar)' extracts and PMS; equine gonadotropin (3000 I.U.) 
stipplcmcntctl by human chorionic gonadotropin (36,000 I.U.) has also 
iH'cn siicccssful (25). Pitnilary gonadotropins liavc been tested in 
women only infrwiiicntly. due in part to their unavailability and in part 
to inadvisahllily in vimv of possible allergic reactions or immune body 
fonn-ilion (109). In the monVey, ovulation h.as been reported to occur 
inji-ctiort of sheep or pig pituitary fractions, or of 
^ I.IS (.5, S5). Recently osnilalion Iws l>cen rcportctl to follow more 
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consistently after administration of gonadotropins from monkey pituitary 
than after sheep gonadotropic fractions (165, 166). 

The studies on induced ovulation reported above were all con- 
ducted in individuals possessing a pituitary which may have con- 
tributed to the response. Until ovulation can be induced reguhurly 
in the absence of the pituitary it is impossible to determine accurately 
the hormonal requirements for ovulation. Recently ovulation has been 
induced in tlie hypophysectomized rat by pituitary preparations con- 
sisting almost exclusively of FSH, contaminated by only small amounts 
of ICSH (21). In such experiments the test animals were given a total 
dose of 4 RU of FSH in 4 days, followed by an ovulatory dose of 8 RU 
subcutaneously at the end of the fourth day. As determined by bio- 
assay, the amount of ICSH contained in the total dose was approxi- 
mately 1 RU. Ovulation followed this treatment regularly within 18 to 
24 hours, and as many as 65 ova were shed. Corpora lutea so induced 
could be brought to functional state by injection of prolactin, as judged 
by the placentoma test. 

VIII, Hormonal Factors Necessary for Establishment and 
Maintenance of Pregnancy 

The relative importance of hypophyseal, ovarian, and placental hor- 
mones in the maintenance of pregnancy has been studied in very few 
species (127, 149). The pituitary has been, shown to be dispensable in 
the latter part of pregnancy in both rats and monkeys. The pituitary 
has been removed from rhesus monkeys between days 32 and 106 of 
pregnancy, yet gestation continued to parturition between the 149th 
and 186th days; labor was prolonged and lactation did not occur. The 
hormonal requirements necessary for maintenance of pregnancy have 
been determined accurately in the rat The pituitary of the rat can be 
removed witliout interruption of pregnancy jiter the 11th or 12th day. 
By this period the placenta is sufficiently developed so that it, together 
witli the ovary, can furnish the necessary hormonal support. Placental 
luteotropin appears to be the factor capable of replacing prolactin in 
later pregnancy (131). The ovary is necessary throughout pregnancy 
in the rat unless estrogen and progesterone are provided in proper pro- 
portions (I (tg. and 4 mg. daily) (108). 

Hypophysectomized rats allowed to go to term by using their ow’n 
placental and ovarian hormones, or maintained after ovariectomy by 
estrogen and progesterone, frequently experience difficulty in parturi- 
tion, with prolonged labor. Dcatli often ensues, due in part to cx- 
liaustion, the hypophysectomized rat being poorly equipped to maintain 
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liver glycogen and lienee blood sugar level during prolonged effort. 
When pituitary tlierapy or progesterone is administered in tlie effort 
to maintain the level of steroids necessary for maintenance of preg- 
nancy, the prolonged action of progesterone may be the cause of the 
lengthening of pregnancy. The tenet that a decrease in the progesterone 
level precipitates labor is not universaUy accepted (66, 175). 

Hypophysectomized rats are unable to suckle their young (whether 
bom or surgically removed). Several factors appear to be essential to 
the hypophysectomized rat for milk production and milk flow. Estrogen 
and progesterone are necessary to build up the mammary tree, prolactin 
to cause lobulo-alveolar development with milk production. In addition, 
some support from pituitary growth hormone, possibly also from thy- 
roxine and from adrenal steroids, directly, or via their respective tropic 
hormones from the pituitary, is necessary for normal milk secretion. As 
posterior lobe hormone (oxytocin) is reported to be necessary for the 
discharge of milk, and as the posterior pituitary is removed by ffie 
usual procedure employed in hypophysectomy in the rat, this factor also 
may be involved in the failure of lactation in hypophysectomized 
animals. 

The striking differences between species in degree of dependence 
on the ovary during pregnancy are exemplified by differences between 
the rat and primates. Whereas in the rat the ovary is necessary through- 
out pregnancy unless substituted by injection of ovarian hormones, in 
the primate foe ovaries are dispensable early in pregnancy, as soon as 
foe placenta is well established. In human pregnancy the ovary is 
dispensable by foe time of foe second missed menstruation, and in foe 
monkey the ovary can also be removed early in pregnancy without 
interrupting it. 'l^us, in foe primates foe placenta appears to be able 
to produce foe necessary ovarian hormones far more adequately than 
in rats. 

Tlie ovarian, pituitary, and placental requirements for maintenance 
of pregnancy in different species, foe hormonal contribution of the fetus 
itself, and foe factors involved in parturition and lactation are more 
fully considered in other chapters of this volume. 

IX, Hormonal Interrelations in Problems of Ferttlity 
The complex hormonal interrelations which must be coordinated in 
oraer to insure fertility are reviewed in diagram form in Fig. 17. Briefly, 
the diagram shows that in foe male, one, or perhaps two pituitary 
gonadotropins, ICSH and possibly FSH, arc necessary for foe multipli- 
cation of immature germ cells, for foe growth of spermatocytes and 
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their meiotic division, and for the formation and maturation of the 
spermatid and release of mature spermatozoa. The Leydig cells must 
he stimulated by ICSH to produce testosterone, which in turn de- 
velops the accessory reproductive system and so ensures the formation 
of seminal fluid and transport of sperm from the testis to the urethra. In 
man it requires 10 days for the sperm to pass through the entire length 
of the epididymal duct, and during this time they continue their matura- 



tion, provided they are adequately supported by this organ. The com- 
plexity of the process is obvious when one considers the number of 
glands between die testis and urethra which contribute to die formation 
of normal seminal fluid. 

In the female, the interrelations between hormones and die timing 
of dieir actions is even more intric,Ttc. Pituitary FSH is necessary for 
growth of follicles and maturation of the ova. FSH is undoubtedly syn- 
ergized in diis action by ICSH. ICSH is probably also necessary for 
ovulation and formation of the corpus liitcum. Prolactin is needed for 
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function of the corpora lutea. The secretion of estrogen by the folhc c, 
and perhaps also by atretic follicles (156), intcrsliUal cells, and the 
corpora lutea is necessary for growth of the remainder of the female 
reproductive system— uterus and tubes, vagina, and mammary glands. 
Progesterone is needed to complete the endometrial proliferation an 
glandular secretion in preparation for nidation of the embryo and for 
arborization of the mammary gland. Tlic gonadal steroids exert a reflex 
control on gonadal activity by impeding or checking pituitary secretion 
of gonadotropins in females as well as in males. In this control of the 
pituitary, and hence of the gonads, the importance of hj'pothalamic 
neural mechanisms is gradually becoming understood. 

The ovum, after expulsion from the ovary, must be picked up at 
once by the infundibulum and transported along the oviduct at the 
proper rate by ciliary and muscular activity. Fertilization in the oviduct 
is possible within a very narrow limit of lime. On entry into the uterus 
the blastocyst will survive only if the endometrium has been properly 
prepared by estrogen and progesterone. All hormonal factors must be 
present at optimal concentrations and at the proper time to ensure 
completion of these processes. Infertility will result from lack of in* 
tegration of any phase of this complicated hormonal sequence. Mention 
has already been made of the difficulties which have been experienced 
in efforts to reproduce the correct sequence and balance of pituitary 
and ovarian hormonal action in order to ensure ovulation and con- 
current estrus so that insemination will result. The Conference on 
Sterility and Fertility held in Tokyo in 1955 dealt extensively with these 
problems of coordination, and its reports contain many valuable reviews 
(123). 

X. DiETARY-HoRxroNAL. Interhelations in REPBOnUenON 
A relation behveen diet and reproductive performance has been 
known from empirical observations for many years. With the growth 
of our knowledge of endocrinology and nutrition, the interactions be- 
tween essential endogenous and exogenous factors in reproduction are 
beginning to be better understood. It is frequently difficult to distinguish 
between the effects of deficiencies in specific food factors and those of 
caloric or food restriction; both usually lead to a secondary protein 
deficiency. The resulting disturbances in reproductive function are 
usually reversible by supplying a proper diet or by injection of gonadal 
or gonadotropic hormones. The atrophic condition occurring in general 
malnutrition has been termed pseudobypophysectomy, from the close 
resemblance of the changes in many of the endocrine organs to those 
following hypophysectomy (113). 
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Deficiency in the male lat of any of the many factors known to be 
essential in this species, witli the exception of vitamin E (48), has been 
shown to result in atrophy of the accessory organs, followed by de- 
creased testicular weight (65). The primary change in the testis was 
found to be atrophy of the interstitial tissue. Vitamin E deficiency, on 
the other hand, causes no defect in the Leydig tissue and no atrophy 
of the accessory male system, whereas the seminiferous tubules show 
irreversible degeneration. Changes in the anterior pituitary occurring 
in vitamin E deficiency are similar to those following castration (86, 
163).= 

In the female rat, the disturbances resulting from lack of a specific 
food factor are frequently characterized by disturbances in reproductive 
function. Pteroylglutamic acid deficiency in many species of both mam- 
mals and birds has been found to be characterized by decreased re- 
sponse to injected estrogen (81, 82). Deficiencies of protein, tliiamine, 
or riboflavin, on the other hand, are characterized by increased and 
prolonged response to injected estrogens, apparently resulting from re- 
duced liver inactivation of circulating estrogens (47, 81, 82). The re- 
productive disturbances, including loss of the estrous cycle and fetal 
death, which follow deficiency in protein, potassium, pyridoxine or 
thiamine, appear to result from Interference with maternal production 
and secretion of sex hormones (11, 116, 118, 119, 121). Pregnancy can 
be maintained in the presence of each of these four deficiencies by daily 
injections of estrogen and progesterone, the doses being the same as 
those necessary for maintenance of pregnancy in tlie absence of the 
pituitary or the ovary (108). Pituitary bioassays have shown that 
neither in Bo deficiency (174) nor in the absence of dietary protein is 
the gonadotropic content of the pituitary reduced; instead, it is sig- 
nificantly increased (151). Tlie defect may. tlierefore, be either in re- 
lease of hormone from tlie pituitary or in ovarian response to gonado- 
tropins. 

In deficiencies of vitamin A, E, Bu, riboflavin, pantotlienic acid, or 
pteroylglutamic acid, reproductive failure is associated witli fetal death 
or congenital abnormalities (117). In these deficiencies tlie mothers 
appear only slightly affected, and there appears to be no lack of sex 
hormones, since such substitution Uicrapy will not enable the pregnanej’ 
to continue (120). Tlie cmbiyos undergo abnormal development or 

- Cajlnllcin clmagcj {a the pitiiitaii' in the presence of iionml tcsllail.rr Ije^tliX 
cells omi eshlcnce of Irstosterone secietinn in maintenance of the male oceessora' 
or^sns arc not in hceptng ssilh the concept that the gonad il steroids reesdalc pitiii- 
Ury sr’cTctlnn of xonadolropins. 
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die, from which it appears that these essential dietary factors play a hey 
role in embryonic differentiation and organogenesis. 

XI. Gonadotropins in Body Fluids 
A. Gonadotropins in Body FiuitJs During Pregnancy 
Gonadotropic substances have been described in blood and urine 
in only a few species and under limited physiological conditions. In t^vo 
instances the gonadotropic substances ate knONvn definitely not to be 
of pituitary origin, namely, the gonadotropin found in the bloodstream 
of pregnant equidae (horses, zebra, asses) and that found in the blood 
and urine of pregnant women ( and in other primates, such as the rhesus 
monVey, orangutan, chimpanzee). 

The equine or pregnant mare’s serum gonadotropin (PMS) appears 
in the bloodstream of the mare (32) in large quantities early in preg- 
nancy (70th to the 120th day), but its concentration in the urine is 
low (Fig. 18). In ponies, 200 I.U. per milliliter are frequently found in 
the blood and l/o I.U. per milliliter in the urine; if the ponies are preg" 
nant and lactating, the milk contains 1/5 I.U. per milliliter (Cole, un- 
published). It is reported to be derived from cuplike structures in the 
endometrium rather than from the chorion (26, 29). This gonadotropin 
exerts follicle-stimulating, interstitial-stimulating, and luteinizing action 
in normal as well as hypoph)'sectomized animals. It has been prepared 
in highly purified form, 30,000 I.U./mg. (99, 130, 132), yet it has not 
been altered (30) at any stage of purification in its chemical charac- 
teristics and biological effects (Table III). 

*rhe hormone characteristic of human pregnancy is present in both 
blood serum and mine. It originates from the syncytial layer of the 
chcirlonic, villi ^71) , and is \here5we d^ignaied human cborionic gonado- 
tropin (HCG). It, too, has been highly cjoncentrated and purified 
(8000-10,000 I.U./mg., Table III). At all stages of purification it retains 
its capability to promote the de\'eIopment of follicles and corpora lutea 
in tlie immature female rat. In the hypophysectomized rat its Epical 
effect is the stimulation of the interstitial cells. l\Tien this substance is 
injected simultaneously with pituitary FSH into the hjpophj’seclomized 
rat. Uie ovarj- resembles that of the normal adult; fully de%-eloped fol- 
licles and corpora lutea are formed (51, 53, 93). Tlie ovarian weights 
resulting from injection of FSH -with HCG arc greater than anticipated 
from the gonadotropic action of the individual components, whether 
tested in hj-pophyscctomlzcd or normal immature rats. As is the case 
with ICSU. HCG s>Ticrgi 2 cs the action of FSH on follicular de\’cIop- 
ment. 
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At extremely high doses, preparations made from human pregnancy 
urine cause limited follicular stimulation in hypophysectomized rats; this 
has often been attributed to die presence of small amounts of a follicle- 
stimulating substance (106). Whether the follicular stimulation is due 
to the presence in urine of small amounts of pituitary FSH, or is an 
intrinsic property of the chorionic hormone has not been determined, 
although there are a few reports indicating the chemical separation of 
two factors from pregnancy urine (44, 129, 137). The presence of de- 



Fic. 18. Gonadotropic hormone titers in pregnant marc's scrum and human 
pregnancy urine. Scale for thirds of pregnonej’ in the horse superimposed on that 
for trimesters in the human. hfodiCed after Cole and Saunders (3-i); Ev'ans 
ct al (50). 

tcctablc amounts of pituitary FSH in blood or urine during pregnane)' 
seems unlikely in ^'iew of Uie markedly diminished gonadotropic hor» 
mono content of the human pituitar)' during pregnane)' (17, 1^). 

B. Detection of Pregnancy by Bioassays of Scrum and Urine 
Tljc discovery of gonadotropin in the blood and urine during preg- 
nancy has furnished a valuable index of pregnane)* in those forms in 
which gonadolrt)pin is found, al least during those periods in which 
hormone continues to be secreted. Tlic test for pregnane)* in uomen is 
commonly applicable from approximately the time of the first mhsetl 
menstruation to term. The honnone can actually lx* delected ns early 
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as 16 days after a known day of insemination. Tlie higliest titer is 
reached during the first trimester, about 35 to 45 days after ovulation 
or 50-60 days after tlie last menstrual period (Fig. 18). In primates 
otlier than man, the hormone is present in the urine for only a short 
period, so that its detection is correspondingly less valuable as a test 
for pregnancy. In the rhesus monkey, it is detectable by the usual 
methods only between day 22 and 3-4 of pregnancy and is present only 
in low tiler (77, 164). In the marc, where the hormone is found only in 
the blood plasma, the test is applicable from about tlie 40th day of preg- 
nancy through the first third of gestation (Fig. 18). Gonadotropins 
have not proved to be present in increased quantities during pregnancy 
in other mammalia. It is possible that substances characteristic of preg- 
nancy may be detected in plasma or urine of other mammals when 
advantage is taken of the augmentation reaction with FSH, and tliis 
reaction may eventually prove of value as a pregnancy test. Such sub- 
stances have been shown in body fluids of the pregnant cow and guinea 
pig (54, 92). Increased excretion of estrogen and progesterone, or their 
derivatives, may also extend the range of hormonal assays for pregnancy. 

C. Gonadotropins in Body Fluids of Nonpregnont Animals 
Gonadotropins have been reported only rarely in the body fluids 
of nonpregnant animals. Barely detectable amounts have been reported 
in the blood plasma of rats after castration, but not in normal rat plasma 
(37, 38, 40). Small amounts of gonadotropic hormone are present in 
the blood plasma and urine of nonpregnant women, and in men; these 
hormones are assumed to be of pituitary origin (7, 8, 9). Increased 
amounts of gonadotropic hormone appear in the blood and mine of 
women after the menopause or after castration. Assayed in normal or 
hypophysectomized rats, the urinary hormone of menopause or castra- 
tion causes follicular growth and at high doses causes luteinization; in 
the hypophysectomized rat it repairs the deficient interstitial tissue. 

XII. Bioassay of Gonadotropins 
Many bioassays have been devised for the gonadotropins and the 
subject has been reviewed frequently (24, 42, 52, 75, 76, 103, 104). The 
reliability of each test depends upon its adaptability to the biological 
properties of the particular gonadotropic agent to be tested, and upon 
the use of sufficient numbers of appropriate experimental animals under 
controlled and constant conditions. The choice often depends upon 
the convenience in the particular laboratory, the facilities available, and 
the training of the staff. The particular assay method chosen is not of 
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such crucial importance if an international standard preparation is avail- 
able, permittmg the expression of results in terms of an international 
umt for the hormone in question The only gonadotropic agents for 
which intemabonal standards have been adopted are the gonadotrOpm 
in pregnant mare’s serum, and diat in the blood and urine of pregnant 
women (88, 89) Lactogenic hormone, or prolactin, also has an inter- 
national standard and unit (90) In the case of all other gonadotropins, 
includmg those extracted from the pituitary, and the hormones winch 
are assumed to be derived from 3ie pituitary (those found m the 
body fluids of children, nonpregnant young women, postmenopausal 
women, normal men, and castrates of both sexes), no mtemational 
standards have been adopted There is, furtliermore, no satisfactory 
agreement regardmg the rehability of the proposed tests, the inteqire- 
tation of these tests, or even the hormones measured by the assays 

A Assay of Pituitary FSH 

Table IV hsts a few of the more satisfactory assays for pituitary 
FSH The test in the hypophysectomized immature female rat is placed 
first as giving tlie most reliable assay for FSH, both for potency and for 
detection of biologically active contaminants (58, 102) One of the 
great advantages of this test is that it can also be used for assay of the 
second pituitary gonadotropin, ICSH, and for determmahon of the 
proportions of FSH and ICSH m a mixture Furthermore, it can be 
used for simultaneous detection of all the other tropic hormones of the 
anterior lobe, with the exception of prolactin® In the assay using 
hypophysectomized rats, the minimal dose which, when given sub- 
cutaneously, reinstates microscopically detectable increases m folhcular 
size IS tahen as the unit for FSH Evidence of contammabon of FSH 
preparations by ICSH can be ascertained by the repair of tlie inter- 
stitial cells, greater contamination by ICSH elicits corpus luteum fonua 
bon In tlie interpretabon of the test it is essential to remember that 
in tlie presence of ICSH tlie quanhty of FSH present, judged by the 
number and size of follicles, is increased (phenomenon of synergisru) 
Conversely, when more highly purified FSH preparations are tested, the 
potency judged by the degree of follicular growtli appears to diminish 
with increased purificabon, i e , removal of ICSH Tlie objections to 

^ Tlie content of growtli, tUjTOtropjc, and adrenocorticotropic hormones cm he 
mcisiircd in the sime 3- or 1 da) lest the use of properly prepared l»\’popli)scc- 
tomlzcd nts the lest can also be adapted to the simultaneous assi) of prolacdn 
b) the pHccntmna test (55, 50), hos\'c\cr, this assa\ is far less sensitive than the 
pigeon crop assa) method (107) 
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the test are tliat it requires hypophysectomized rats and special facilities 
for their maintenance, as well as a sta£F for the preparation and study of 
liistological sections. If such requirements can be met, this is the method 
of choice for determining the gonadotropic components present in the 
preparation tested, and the amounts and proportion of each. 

Other tests for FSH are listed in Table IV in order of decreasing 
sensitivity or reliability. The augmentation of ovarian weights in nor- 
mal immature rats resulting when FSH is combined -with a luteinizing 
agent (IGSH, or preferably HCG) has proved a valuable and simple 
test for FSH. This assay is of approximately the same sensitivity as 
the hypophysectomized rat test for FSH, when 100^ increase in ovarian 
weight resulting from the combination is taken as the unit (58). Re- 
cently the augmentation test has been given statistical reevaluation. 
"W^en the unitage is thus calculated in slope units on a regression curve 
the unit is much smaller (155). The augmentation assay using normal 
immature rats has greater value in the determination of increased po- 
tency of FSH preparations during purification procedures, rather than 
in the quantitative determination of the biologically active contaminants. 
As in other tests in which animals possessing pituitaries are used, the 
augmentation tests do not give as accurate a measure of the FSH as 
is given by the hypophysectomized rat The response measured is in- 
fluenced not only by the augmenting or antagonizing effects of the 
contaminants present in each of the two preparations injected, but also 
by contributions from the pituitary of the assay animal (hormones 
secreted normally by the pituitary, as well as those secreted in increased 
amounts under the stimulus of the substance injected). Assays based 
on increase in uterine weight in normal immature rats or mice likewise 
involve the interaction of the test animal’s pituitary. Such assays are 
subject to tile further criticism that purer FSH preparations must be 
given in higher multiples of the minimal effective dose, because of re- 
moval of ICSH during purification and therefore the elimination of its 
augmenting action, and hence reduction of estrogen production. 

B. Assay of Pituitary ICSH 

The method of choice for assay of pituitary ICSH is, for similar 
reasons, that based on tlie response in hypophysectomized immature 
female rats (Tabic IV) (74, 140). Tlic smallest dose which initiates re- 
pair of the deficient interstitial tissue is determined by intraperitoneal 
administration of a series of diminishing doses. TIio degree of con- 
tamination of ICSH preparations witli FSH can best be determined 
by subcutaneous administration. In the presence of large amounts of 
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FSH in a preparation, particular care is '"ppcL'^'t^ lie about 

the ICSH. Tlie repair of Leyibg ^ , issue 
equally as sensitive a measure of ICSH • livnonhyscctomized 

iuNho ovary. A more popular sveig'-t in- 
rat but teouirini: no histological evaluation, is based on t h 

^Lsfciire voLal lobe of the prostate of ^itnll 

old rats. A 70 or 1007= increase lias been used commo > 
point, although recently interpolation on a inerements 

quently been adopted, in some instances „ ,ot,l ae- 

being regarded as significant. An increase in tot. p 
eessory organ sveight can also be used satisfactorily (43). The aug 

m ntZuon^test in Lrmal or hypopbyseetomized immature tolo rats 

can be used in measurement of ICSH, in which case the augmenting 
Ig^nt aMed" FSH. In any tests for ICSH in J^t^d 

mature rat is used, the test is subject to the same enUcis 
previously in relation to assay of FSH. 

C. Assay of Human Chorionic GonaJotropin (HCG) 

In assays of gonadotropins in body fluids, as in assays of 
hormones, the hypophysectomized rat gives the most 
of the hormones present, whether expressed m te^ of 
amounts or in terms of the proporUon of FSH-Iilte , 

properties. As pointed out in the description of the biologica pr p 
of gonadotropins in body fluids, the ICSH-lihe properties of e onn 
in human pregnancy predominate so greatly that very hig 
be given before any capacity to stimulate follicles can be demons ® * 

On the other hand, injection of HCG in intact immature rats rea y 
induces follicular growth and corpus luteum formation, and this re 
sponse in the normal immature rat or mouse forms the basis for the^say 
of HCG and for the earliest described pregnancy test, the Aschheim- 


Zondek (A-Z) test (3). , 

The methods adopted for assay of HCG have multiplied greatly e 
cause of the interest in rapid, simple, accurate, and cheap metho 
for detection of early pregnancy. Many excellent reviews on these tests 
are available (14, 18, 42, 43, 72). Table V compares several such 
As HCG is one of the few substances for which an international standar 
has been adopted, any of these tests can be interpreted in terms of the 
international xmit (I.U.). On the whole it can be said that the original 
A-Z test is as accurate as any. However, it requires a test period or 
3 to 4 da)T:, which accounts for the popularity of the more rapid tests 
which are in common use, although often less sensitive and less accurate. 
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The 2-hour spermiation test in frogs or toads is in this category, as is 
the ovarian hyperemia test. Although a period of 2 to 4 hours is often 
used in the hyperemia test, its accuracy increases \vith longer periods 
(2, 78, 157). 

The interpretation of these various assay methods for HCG can not 
always be made in terms of the intrinsic properties of the hormone, as 
contrasted wth effects secondary to pituitary stimulation. The spennia^ 
tvon test in amphibia appears to be a function of the ICSH-lihe prop- 
erties. The A-Z test in immature female rodents is secondary to pituitary 
stimulation, the resultant ovarian reaction representing &e action of 
the secreted pituitary component augmented by the intrinsic luteinizing 
properties of the substance Injected. Although the rabbit ovulation test 
(Friedman’s) may depend primarily on tbe luteinizing properties of 
HCG, an augmentation effect dependent upon the recipient’s pituitary 
FSH may contribute to the final impulse to preovulatory gro\vth of 
follicles. In the hyperemia test the luteinizing properties are thought 
to be most important, but it is Icnown that the reaction can be aug- 
mented by addition of FSH (70, 157). 

D. Assay of Equine Gonadotropin (PMS) 

Any one of the well-established tests for potency of PMS is adequate, 
particularly if comparisons are made wth the international standard 
(Table VI). The most commonly used assay calls for a direct measure- 
ment of ovarian weight increment, followed by interpolation in the 
standard dose-response curve ( usually in the steepest part of tiie curve, 
between 10 and 50 I.U. (22, 32). The secondary response of the uterus 

TABLE VI 


Assay or Pregnant Marc Serusi Co-VAixmiopiN (22, 75)* 


Procedure 

Criteria 

Effective dose 
range (I.U.) 

Hj-pophj-sectomlzed 26*-28-da)r fe- 
male rats 5-8 daj'S postopera- 
tive; inject once, or dally 3 days, 
IP; autop^, 72 hours 

MED for follicular development 

MED for interstitial tissue re- 
pair 

2-5 

1-3 

Normal 21-I15-day feirude rats; In- 
ject once, or daily 3 or 4 days 
suboutaneous, or IP; 
autopsy 72 or 00 hours 

Ovarian weight increase® 
Corpora lutea 

Uterine weight increase 

Vapnal comiBcatfon 

(4-20) 

1.5-4.0 

0.2S-1.0 

0.20-2.5 

Normal Immature mke 

Ovarian weight increase® 

(S-10) 

• I’crsonal communication. 


* InlcrpolaUon In steepest part rf dose-response curs'c. 
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or vagina can also be used for assay purposes In the male, the secondary 
response of the accessory organs (ventral prostate, seminal vesicles, or 
total prostate) is also practicable in measuring PMS, due to the sen- 
sitive response of the Leydig cells to this hormone 

E Assay of Unmrtj Gonadotropins tn Nonpregnant Human Beings 
Gonadotropins appear in the blood and urine of nonpregnant in- 
dividuals only in low concentrations^ Such hormones in body fluids 
are assumed to be derived from the pituitary Due to the small amounts 
present these gonadotropins are difficult to concentrate and detoxify 
sufficiently for assay No one has isolated the pure gonadotropins from 
these sources or fractionated tliem into follicle-stimulating and luteimz- 
ing hormones, as has been done for the anterior pituitary gonadotropm 
Furthermore, these hormones from body fluids have not been thoroughly 
characterized by assay in hypophysectomized animals Some study has 
been devoted to the physiological properties of the substances in unne 
of normal men and of postmenopausal women and of castrates (49, 
76a, 91) The dominant action of the latter hormones is that of pro- 
moting folhcular growth, although they stimulate interstitial cells and 
cause corpus luteum formation when given at high dose levels Not 
only IS the total potency per unit volume increased in unne of post- 
menopausal women and from castrates of both sexes, but the FSH-lihe 
property disproportionately so, as compared with values obtained from 
the urine of normal men (see Table VIII) Less well documented is 
the report that die urinary hormone obtained from young women is 
predominantly FSH like in its action 

A number of assays have been used in attempts to measure the 
gonadotropic potency of such urinary hormones The mulbplicity of 
tests IS attributable in part to the difficulties of such assays because of 
the small amounts present and hence the large volumes of unne which 
must be concentrated for injection To measure the FSH-hke potency 
of the specimen the following end points have been recommended 

(1) response of die ovary, preferably of the hypophysectomized rat, 

(2) the secondary uterine weight increase, and (3) the augmentation 

* Tills slntement is exclusive of humin palicnls having certain tyjics of tumors 
in the female, choriocplthchom'v or hydaUdiform mole originating in t!ic vilcnis fol 
lowing pregnancy. In the male, choriocpilhcllomn and teratomata originating in the 
testis In bolli men and women with Such tumors cxtremclj high titers of gonado- 
tropin appear in blood and urine Tlie hormone is usually identified with liuman 
chorionic gonadotropin It originates In tumor cells from modified chorionic tissue 
In the female and In llie male from tissue stnkingb resembling trophoblastic tissue 
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. TirP Tlic test based on increase in weight 

of the ovarian response to HOG. 1 f„aucnlly as this test is 

of the mouse uterus is. perhaps, used most ^ 

simple to eonduct and the response is several fold more sensmv 

the rat uterine or ovarian response notency of the urinary 

When it is desired to determine the I^SH-l-^o pote y intersUtial 
produet, one may use either the lest based upon ^^,ight 

Lus in the hypophysectomized rat. or the test Jl) 

increment of *e ventral prostate ‘comtoaUo; 

rate (^4 112^ The auementation of ovarian weights 

eoncentrates®with FSH has enjoyed only beaded use as a 

means o7 detecting luteinizing subs,an«s. 
applied to such specimens can probably be place ] y 

go^ of tests which measure luteinizmg potency. Any assays fo 
uJpotency carried out on normal animals are ^“tject to *e 
tations as were discussed under assays for P>h>d“y “ „ Js 
hormones. The interpretation of all ^say methods for 
In body fluids has been confused by the tree use of 
any urinary product initiating follicular growth, and the term IChH t 
LH) for any fraction causing intersUUal repair or corpus luteum 
tion. even though the identity of these substances wi* the anal g 
hormones extracted from the pituitary has by no means been ' 

The gonadotropic titers found in urines from various human 
have been listed in Table VII. The values cited are o|l 
based on the mouse uterine test, since more data are avadable 
than from any other single lest In evaluating the mouse ulerme } 
it can be said that those urines which have a predominantly o 
stimulating action, namely, the urinary hormones found in castrates 
menopausal women, also cause the most marked uterine en argem 
In such evaluations of urinary FSH-like substance based upon j. 

reactions elicited from normal rodents, it should be remembered 
some stimulation by ICSH or ICSH-like substances may be 
for follicular growth and secretion of sufficient estrogen to cause, in ^ 
uterine enlargement and secretion. Also, it is well to 
using the uterine response of intact animals, that the pituitary or 
assay animal may also contribute to the reaction. Human 
gonadotropin, a urinary hormone almost exclusively ICSH-like m > 
properties, judged by the hj'pophysectomized animal, can be, and o^ en 
is measured by its ability to induce eslxous uterine (or vaginal) reactior^ 
in normal immature rats or mice. The ovarian response of the hypop^ 
scctomizcd rat gives a more precise measure of the FSH-like or It->^ 
like substances present- Every urinary hormone so far examined has 
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been shown to possess some ICSH-like properties when tested at ap- 
propriate doses. Although interstitial cell-stimulating substances occur 
in varying amounts in urines of nonpregnant human beings, tlie titer is 
usually low, markedly so when compared witli pregnancy gonadotropins. 
In no instances other than pregnancy have such interstitial cell-stimulat- 
ing substances been found free of FSH-like properties. 


TABLE VII 

Gonadotropic Hormone Titers in Human Urine (52)“ 


Status 

MUU per 24 hours, 
average 

Prepuberal 

< a-5 

Young adult women. 

Early and late menstrual c)'cle 

5-7 

Mid-cycle 

20-50 

Adult men 

2(M0 

Postmenopausal women and castrates 

50-100 

Hypogonadism 

Pituitary o'rigin 

3-7 

Gonadal origin 

50-200 


“ Assayed in 21-day female, nonpiegnant, nontumor-beaTing mice, injected sub- 
cutaneously daily for 3 days; autopsy at 72 hours. Increase in uterine weight, lOOJ^. 


Many difficulties are encountered when one attempts to compare the 
values of urinary assays obtained from different laboratories, even when 
the values are based upon the same assay melliod, as, for example, the 
mouse uterine weight assay, Metliods for concentration of tlie urine 
vary; tliese methods are not equally efficient, and furtliermore, some of 
the extracts are toxic at the liigh concentrations which must be in- 
jected. Tlie end points used also differ, some being based on 100 or 
200% increase in uterine weight, and otliers, more recently, on inter- 
polation in a dose-response cur\'e where precariously small weight in- 
creases are sometimes regarded as significant. In some laboratories the 
gonadotropic potencies of the urines arc e.xpresscd in terms of units 
per 24 hours, in others tliey arc calculated as units per liter. Such differ- 
ences in mctliodology and in expression of the data derived from tlic 
assays, in addition to tlic day-to-day variation in excretion rate of the 
subjects studied, render the values currently available of low rcli.abililv. 

It is agreed that a standard of reference for urinary' hormones would 
greatly facilitate tlie interpretation of the bio.iss.ays. Tlicrc is, however, 
no single substance which can be chosen as a standard of reference. 
Several investigators Iiavc suggested tliat postmenopausal urine Iic con- 
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centra, ed and used as a standard (1. 75 104, 162 )_ 

been made chiefly because this gonadotropic substance P 

urine in larger amounts than other s^etcd jo- 

also based on the inadequately estabbshcd ^ * ® „ther 

tropin is of pituitary origin, constant in quality and simila 

human secretion products (aside from those found in pregnan y 

Certain geleralizations can probably be stated, 
basis of our present knowledge, regarding the ) 

of gonadotropins in body fluids of nonpregnant individuals (Table Vll^ 
The amount of hormone present in human urine before puberty is at o 
below the limits of the methods for concentration and assay , 

monly in use. Women during reproductive life secrete barely del 
amounts of gonadotropins during the early and late parts o 
strual period. It is fairly certain that there is an J” „pr24 

mid-cycle, excretions as high as 40-50 mouse uterine units ( . ^ „ »i,e 

hr. having been reported. A close correspondence is claimed between 
increased titer at mid-cycle, as determined by the 
time of ovulation.® Postmenopausal women secrete more than the w 
mum found in normal cyclic women, values as high as 100 MUU/^ 
being reported. The concentraUon of gonadotropin present iri . 
normal adult men is on the average higher than in women, . 

order of that found in women during mid-menstrual cycle peak, h uc 
terest has centered on clinical use of such urinary gonadotropic assaj » 
particularly in attempts to differentiale beUveen gonadal 
due secondarily to defects in the pituitary or attributable directly to ^ 
fcctivc gonads. Low urinary gonadotropic titers, of the order of ose 
found in children, are indicative of pituitary deficiency, while big 
titers, comparable to those found in the castrate, indicate gonadal fai ure- 


XIII. Relation of PirurrAnv Gonadotropins to Those in Body Fluids 
Tlie gonadotropins in body fluids fall into two categories, those of 
pregnancy, derived from the chorion or uterus, and those of nonpregnan 
Individuals, presumably of pituitary origin. As already mentioned, t e 
urinary and serum hormones of nonpregnant individuals have never 
l>ccn purified and compared chemically with pituitary hormones. It ^ 
not knowm whether the physiological effects (follicle stimulation, intcr- 


* Farris (60) rrjvjrtcU Oiat among 50 weanen, in whom donor insemination va* 
made, tl*e mailmum number ol the conceptions (60%) occurred between days 
ttvl 13 tA tire menstrual cycle, ar»d a posith'c hjperemta test was found betss'*?^ 
iVe-M* dijt In 
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stitial cell stimulation, and corpus luteum formation) of these urinary 
gonadotropes are due to a single hormone with multiple properties 
or to two hormones. Furthermore, it is not known whether the gonado- 
tropins obtained from the body fluids of normal men, young women, 
postmenopausal women, or of castrates represent a single hormone or 
several hormonal variants. 

In the absence of chemical characterization, several types of bio- 
logical evidence have been used in efforts to determine the distinctive 
properties and interrelations of the hormones in body fluids. Studies 
have been made of the rate of excretion and length of survival in the 
circulation; of the ratio of the follicle-stimulating and interstitial cell- 
stimulating properties, in comparison with the gonadotropins present 
in the pituitary under the same physiological conditions; and of the 
ability of the gonadotropin to stimulate the pituitary. 

A. Survival of Gonadotropins in the Circulation (Half-Life) 
Observations on time of survival in the circulation of injected gonado- 
tropins, coupled with assays of the gonadotropic content of the urine, 
give promise of a better understanding of the hormones in the pituitary 
and in body fluids. The length of time that injected gonadotropins 
remain in circulation has not as yet been determined with accuracy. 
Hypophyseal hormone (flavianates from pig pituitary') injected into 
rats or into rhesus monkeys was readily recovered from the urine as 
was human chorionic gonadotropin but equine serum gonadotropin did 
not pass the urinary filter (54). After injection of horse pituitary gonado- 
tropin into rabbits, the concentration of the hormone in the rabbits* 
plasma was found to have been reduced 50^ by 6 hours; hence a 
6-hour half-life by this test (ITS). The half-life of PMS has been found 
to be much longer; when injected into the gelding it has been deter- 
mined to be 144 hours; in mares, 244 hours; in a heterologous species, 
the rabbit, tlic period was somewhat shorter, 2'l-26 hours. Tlic lialf-life 
of the hormone from blood and urine of pregnant women (HCG) ap- 
pears to be relatively short; after injection into rats the concentration in 
plasma was reduced to onc-Ualf within 30 minutes; in the dog and 
liorsc, within 2-3 hours; in rabbits, in less than 6 hours; and in the 
human, in less than 24 hours (ITS). The gonadotropin in blood plasma 
of castrates and postmenopausal women also appears in their urine; 
nothing is known, however, regarding the half-life. Studies such as 
those reported above h.avc demonstrated great differences in ability of 
the honnones to p.iss the tirinary filter, also difi’crenccs in the time 
of surviv.M in l!>c circulation, but the csddcnce avaikable at present is 
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inadequate to afford a satisfactory basis for on of tl« 

tionship betxveen the hormones extracted from the pituitary an 
found in body fluids of nonpregnant individuals. 

B. Ratio of Follicle-Stimulating and Interstitial Cell-Stimulating 

Potency in the Pituitary and Body Fluids 

Table VIII shows the proportion of ^ 

stitial cell-stimulating potencies in pituitaries of 

the corresponding properties of the gonadotropins in die body “ 
when they are known. It will be noted that the f "bve pote^ 
FSH and ICSH varies considerably in pituitaries of diferen P 
The ratio of FSH to ICSH in human pituitary (7 8 , 9, 1^1 _ 

Meh, or higher, than in pituitaries commonly used for chemical fr 
tion (beef; sheep, ox). The pituitary of the rat is ”, “'f 

regard, which may be indicative of the physiological requiremen 
this commonly used assay animal. r 

The values listed in the table give no indication of the ^^7 
secretion from the pituitaries. The differing ratios in the ^ 

gonadotropic components are also not necessarily indicative o 
total amounts of hormone present, though bioassays appear to show 
the total quantity of gonadotropin is greater in pituitaries whe^ 
ratio of FSH is higher. The potency of pituitaries is actually re- 
sultant of the combined action of the two gonadotropins, FSH an 
ICSH, and an increase in potency may be due either to an incr^e 
amount of FSH, or to a more favorable proportion of FSH to ICSH. 
interpretation of the increased gonadal response cannot dierefore 6 
made unless the minimal effective dose for each component is ® 


termined. 

Tlie importance of determining ratios of FSH to ICSH in pituitanes, 
or ratios of FSHdike to ICSH-like substances in body fluids, is i^® 
traled in the evaluation of gonadotropic potencies after castration, a le 
outstanding biological response to injection of castrate pituitary is to 
licular development, alUiough at higher doses corpora lutea are occa- 
sionally formed. By such a criterion the follicle-stimulating potency 
would appeal to be differentially increased in pituitaries of postmen^ 
pausal women and in human castrates of cither sex. The gonadotropic 
content of the plasma and urine is also increased when gonads ore 
absent; this gonadotropin is described as predominantly, or cntirciyf 
follicle-stimulating in character. This increase in gonadotropic potcnc^'f 
particularly in follicle-stimulating rapacity following castration, appears 
to charactcrirc other species as well as man. Gonadotropic actMty i^ 
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TABLE Vni 

Proportions of FSH and ICSH Potencies m Gonadotropins Extracted from 

THE PmnTARY COMPARED %VnH THOSE FoUND IN BODT FluIDS® 

(7, 8, 9, 17, 37, 49, 52, 58 68, 138, 143) 


Antenor pituitary 
Ratio of potency 
Species FSH to ICSH 

Body fluids 

Ratio of FSH like 
to ICSH-hke 
activity 

Rabo 
hyph to 
normal 
MED*- 

Unne Plasma 

Punfied hormones 




from sheep 




pituitary 




FSH 

40 1 



ICSH 

1 300 



Human 




Children 

1 1 



Women, pregnant 

^almost absent) 

1 6,000-10.000 

2-4 

Women, nonpregnant 

1 1 

1 1-2 1 


Women, menopausal 

3 1-10 1 

5 1-6 1 


Men, adult 

1 1-2 1 

1 1-3 1 

4 

Monkey 




Adult female 




cycle day 1 

12-14 



9 

12 5-13 



U 

k IQ 



15 

1 10 



22 

1 3 



Adult male 

1 3 



Rat 




Adult female 

12 5-13 



Adult male 

1 1-1 2 



Castrate female 

12-13 



Castrate male 

1 1 



Pittiitar} 10% alcohol 




cjc tract 




Wialo 

P4 1 



Pig 

1 2.5 



Sheep 

1 2.5-1 5 



Beef 

1 4 



Horse, iionpregnint 

1 1 

J 5 

2 

Hnrsc, pretmant 


1 2-1 3 

2-4 


• A»W)th 1 In hxpopljvisixrtonilzwl {mtnaturc fnnnli* rxU 

* of mlnlmil pfTcctiw In nomnl fmmatnrr frinalr rat* rr<]ttlfr4 

fnr int< fititlal lUtnr rrpalr in lA-pe^lm^xttwnUTaJ Innate rat* 
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the pituitary and blood plasma is increased in both inale and female 
rn^sTr Castration, J the predominant 

stimulation (37, 38. 40, 111, 124. 12 d). However on vysee- 

oE FSH to ICSH in pituitaries of male castrates by assay in "XP .P ^ . 

mtod rats, it has^een found that both the folHcle-st mutong and 


interstitial cell-stimulating capacities are 


the same degree.’ Interstitial cell stimulation remains 
eSect given by pituitary extracts from castrate rats at the lo 

iust as in the normal rat. c fnlUcle- 

Any further information available for comparisons of ratio ^ 


stimuliung to interstitial cell-sUmulaUng potencies in pituitaries and 


body fluids is very 

stantial basis for determining the relation betw^n me the 


limited and does not constitute a 


sufficiently sub- 


hor- 


mones and the secreted hormone in body fluids. During pregnancy, 

and the gonaao- 


gonadotropic potency of human pituitary is very low and the p 
tropin content of blood and urine, other man mat attributed to . 

origin, is low, if present at all. Not much is known regarding 


tive DOtency of FSH and ICSH in pituitaries of normal adult men 

* .. r -_J TZ-VCTT Ul... ....Uofcn^AS lU UriDe 


women. The proportion of FSH-like and ICSH-like substances m i 
is reported to be similar in me two sexes; me interstitial cell-stimula | 


potency may be relatively higher in women {Table VIII). In 


potency may oe reiauveiy tuguci m wuuicu v, 
women there is a mid-cycle increase in gonadotropic 


urine which has commonly been attributed to an increase 


stimulating patency, but an increase in excretion of interstitial ce 
stimulating substance at me time of ovulation has also been claime 
(159). No adequate assays of human pituitaries at different times m 
the menstrual cycle are available for comparison wim me urinary 
content. Data from another primate, the rhesus monkey, are, however, 
pertinent. The pituitary of me monkey has been reported to 
an increased content of gonadotropic potency (both FSH and ICaW; 
between the 9th and 11th days of me 28-day menstrual cycle. Beriveen 
the 11th and 15th days of the cycle the total gonadotropic content "'as 
found to have decreased, and ICSH had increased relative to FSH ( ' * 
ONailation in the monkey, as in me human female, is assumed to occur 
midway in the cycle. 

® In the male rat pihiitary the folUcle-sUmulatlng potency is increased 2- to 
fold, tlul of the interstitial cell stimulaUng potency 2-fold, so that the 
FSUrlCSH is changed from 1:2 to between 1:1 and 1:2 (37, 38). 'Tliough the bl 
plasma of castrates rccstablisbcd follicular gross-th when injected into hypopl*)’*^^ 
tombed rats, no cs-idcncc has been presented for repair of Interstitial cells on 
ministration of plasma from normal or castrate rats In daily doses as high as 6-® ^ 
(40). ^ 
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G. Pituitary Stimulation by the Various Gonadotropins 

There are dffierences behveen pituitary gonadotropins and the 
various circulating hormones with respect to their potency in normal 
immature rats and in rats deprived of the pituitary. The potency of 
equine gonadotropin is greater in normal than in hypophysectomized 
rats; the minimal effective dose in hypophysectomized rats being four 
times greater. At a given dose level the ovaries of hypophysectomized 
rats are not as large, follicular development is not as elaborate, and 
corpora lutea form less frequently. Similarly, four times as much human 
chorionic gonadotropin is required to produce the minimal gonadotropic 
effect in hypophysectomized rats as is required for ovarian stimulation 
in the normal rat. Equine gonadotropin and human chorionic gonado- 
tropin, when injected into hypophysectomized rats at the minimal ef- 
fective levels, show the same end point, namely, repair of the interstitial 
tissue. Equine gonadotropin is unlike human chorionic gonadotropin 
in that it Is an effective stimulant to follicular growth in hypophysec- 
tomized rats at doses only slightly above minimal, whereas chorionic 
gonadotropin stimulates follicles in hypophysectomized rats only at 
excessive doses. 

The gonadotropic principles in the serum of nonpregnant as well 
as pregnant mares, in urine of normal adult men, and in blood and urine 
of pregnant women have the property in common of being effective 
ovarian stimulants in normal immature rats at a fraction (usually one- 
half to one-fourth) the dose necessary to repair tlie ovarian interstitial 
tissue in the hypophysectomized rat (68). The greater effectiveness in 
normal rats is attributed to tlie capacity of these substances to stimulate 
the pituitary to secrete gonadotropins. The secreted hormone then acts 
synergistically with the Injected gonadotropin. Inasmuch as these body 
fluid gonadotropins vary greatly in llieir follicle-stimulating capacities, 
tlie ability to sKmulato the pituitary is attributed to tlieir more basic 
propert}', the interstitial cell-sUmuIating capacity. Altliough human 
chorionic gonadotropin, a predominantly intcrstiti.al cell-stimulating hor- 
mone, is the most effective among the circulating gonadotropins as a 
pituitary stimulant, h)pophyse.al ICSH, which otlierwise resembles 
most closely the human chorionic gonadotropin in biological effects, e.v- 
hibits little or no ability to stimulate tlie pituitary, rituitary ICSH 
manifests only slight gonadotropic aclis-ily in immature normal fcm.ale 
rats; even when tested at ten limes the dosage necessary' to show its 
specific action in liypopliyscctomrzcd rats, it elicits little or no gonado- 
tropic rretivity in nonnal immature rats. Tliis capacity to stimul.itc the 
anterior pitrrltary, which characterizes many of the gonadotropins in 



106 


MI1\IAM E- SIMTSOK 


body fluids, does not tbcreforc assist in determining tlieir relationship 
to the pituitary gonadotropins. 


ACKKO^\'LmCJ.irKTS 

. Wish to espre. my .appreciation to the “ 

Biology for the assistance allorilcil In preparation of I ' P • P ^ Woods 

Dr. F Carter, svho has assisted in ail pliases of its preparation, ,he 

for chemical LvalnaUons. and to Dr. M. M. Nelson for assistance in dealing 
vitamin-hormonal relaticmships in reproduction. 


Refehences 


1. Albert.A.,Proc. staff Meetings Mayo Clinic 31. Ml (lOoO). «n5 (lOSD- 

2. Albert, A., and Berhson. J., J. Clin. Endoerinoi. end MefaMbm 11, 805 t 

3. Aschheim. S., and ZondeV, B.. Klin. Woclise/ir. 7. 8 ( 1028). 

4. Ast\vood,E.B.,EndocrinoIog(/M,309 (1941). ,,,,,, 71111938 ). 

5. Astwood, E. B., and Gtoep, B. O., Proo. Soe. Espll. Biol. Jfed. 38, 713 ( 

6 . Austin,C,R..;. Endocrinol. 6.293(1950). n j .rinoloco 62, 

7. Bahn, R. C.. Loienz, N., Bennett, \V. A., and A)beit, A., Endocrinologii 

135 (1953). „ r,„il, 

8 . Bahn. R. C., Lorenz, N., Bennett, W. A., and Albert, A., Tree. S ■ P 

Biol. Med. 82, 777 (1953). 83 

9. Bahn, R. C., Lorenz, N., Bennett, W. A., and Albert. A., EndocrlMlogJ • 


455 (1953). 

10. Beigenstal, D. M., 1953, see (95). 

11. Bisldnd, M. S., Vitamfna and f/onmmej 4, 147 (1946). 

12. Bkndau, R. Fertility and Sterility 6, 391 (1955). 

13. Bteneman, W. R., and Mason, R. C.. EndocrinpJogi/ 48, 752 (1951). . 

14. Bromberg, Y. M., BrzezinsVi, A., Rozin, S., and Sulman, F. G., Acta Endoert 


7,31(1951). . 

15. Brown, W. E., and Bradbury, J. T., Am. J. Ofcstef. Gynecol. 83, 749 ( 1947 ;• 

16. Browne, J. S. L., and Venning, E. M. H., Am. J. Physiol. 123, 26 (1938). 

17. Bruner, J. A., J. Clin. Endocrinol. 11, 360 (1951). 

18. Buhovics, E., and Wohlzogen, F. X., Acta Endocrinol. 14, 273 (1933). 

19. Byrnes, W. W., and Meyer, R. K., Endocrinology 48, 133 ( 1951 ) • 

20. Byrnes, W. W., and Meyer, R. K., Endocrinology 49, 449 (1951). 

21. Carter, F., Simpson, M. E., and Evans, H. M., Anat. Record 130, 283 (1958). 

22. Cartland, G. F., and Nelson, J. W., J. Biol. Chem. 119, 59 ( 1937 ) . 

23. Chow, B. F., Van Dyke, H. B., Creep, R. O., Rothen, A., and Shedlovsky, •» 

Endocrinology 30, 650 (1942). 

24. Ciba Colioquia Endocrinol. 5 (1953). . 

25. Claesson, L., Hogberg, B., Rosenburg, T., and Westman, A., Acta Endocrine • 

7, 1 (1948). 


26. Clegg, M. T., Boda, ], M., and Cole, H. H., Endocrinology 54, 448 (1954). 

27. Coffin, D. L., Munson, T. O., and Scully, R. E., J. Am. Vet. Med. Assoc. 121. 

352 (1952). 


28. Cole, n. H., Acta Endocrinol. 24, Suppl. 31, 108 (1957). 

29. Cole, H. H., and Coss, H., in “Essays in Biology in Honor of Herbert ^ • 

Evans,” p. 107. Uruv. of Calif. Press. Berkeley, California, 1943. 



GONAI>OTROPir?S IN REPROBUGTION 


107 


30 Cole, H H , Goss, H . and Boda, J . J Clm Etidocrtnol 10, 432 ( 1950 ) 

31 Cole, H H , Hamburger, C , snd Njemann Sorensen, A , Acta Endocrinol 

26, 286 (1957) 

32 Cole, H H , and Hart, G H, Ant J Physwl 93, 57 (1930) 

33 Cole, H H , and Miller, IX E, Am J Physiol 104, 165 (1933) 

34 Cole, H H , and Saunders, P J , Endocrinology 19, 199 ( 1935) 

35 Cole, R D , and La, G H , J Bto^ Chem 213, 197 (1955) 

36 CoUip, J B , and Anderson, E M , Lancet 226, 76 (1934) 

37 Contopoulos, A N.Anat Hecord 130, 288 (1958) 

38 Contopoulos, A N,Sunpson, M E,andKoneff, A A , Endotnnology (1958), 

in press 

39 Cowie, A T, and FoUey, S J , "The Hormones” (G Pmcus and K V 

Thunann, eds ), Vol 3, p 309 Academic Press, New York, 1955 

40 Cozens, D A , and Nelson, M M , Proc Soc Exptl Biol Med 98, 123 (1958) 

41 Davis, M E , and Koff, A K,An* J Obstet Gynecol 36,183 (1938) 

42 Diczfalusy, E , Acta Endocrinol 12, Suppl 12, 7 ( 1953 ) 

43 Diczfalusj, E , Ada Endocrinol 17. 58 (1954) 

44 Drescher, J , and Stange, H H , Acta Endocnnol 19, 289 ( 1955 ) 

45 du Vigneiud, V , Lawler, H C , and Popenoe, E A , / Am Chem Soc 76, 

4880 (1953) 

46 Dvoskm, S , Am 7 Anat 75, 289 (1944) 

47 Ershoff, B H , Vifamias and Hormones 10, 79 ( 1952) 

48 Evans, H M , and Bishop, K S , Science 56, 650 ( 1922) 

49 Evans, H M , and Gorbman, A , Pfoc Soc Exptl Biol Med 49,674 (1942) 

50 Evans, H M , Kohls, C L , and Wonder, D H , 7 Am Med Assoc 108, 

287 (1937) 

51 Evans, 11 M , Meyer, K , and Simpson, M E , Proc Soc Exptl Btol Med 

28, 845 (1931) 

52 Evans, H M , and Simpson, M E , m “The Hormones,” (G Pmcus and K V, 

Thimann, eds ), Vol 2, p 352 Academic Press, New York, 1950 

53 Evans, H M , Simpson, M E . and Austin, P R , 7 Exptl Med 68, 545 

(1933) 

54 Evans, H M , Sunpson, M E . and Austin, P R , 7 Exptl Med 58, 561 

(1933) 

55 E\ ans, H M , Simpson, M E , and Lyons, W R , Proc Soc Exptl Biol Med. 

46, 586 (1941) 

50 Evans, H M , Simpson, ME, Lyons, W R , and Tutpeincn, K , Endocrinology 
28, 033 (19-11) 

57. Elans, H M, Simpson, M E. and Pencharz, R I, Cold Spring Harbor 
Symposia Quant Biol 6,229 (1937) 

53 Evans, 11 M , Simpson, M E , Tolksdorf, S , and Jensen, H , Endocrinology 
25, 529 (1939) 

59 Ei’crcll, J W , Endocrinology 59, 580 (1950) 

00 rains,E J , Am 7 Obstet Cf^<*co/ 66 347 (1948) 

\\ Y. , in “Sex mi irAcmal Scottions” IE Alien, cd 1, p 960 
WllUims & WilUns, Baltimore. Mainland, 1039 
02. rtvold, II L., Hisu\, r. L, and Leomid, S L., Am J rhysiol 07, 291 
(1031) 

03 rincrt\,J C , and Mcn-ct, R K , 46 194 (1930) 

01 Eollcj.S J , Grceiibnmn, A L., and Roj, A ,/. Pm/ocrtnol 6.121(19(9). 



108 


MIRIAM E. SIMPSON 


Follis, R. H., “Pathology of Nutritional Disease.” C. C Thomas, Springfield, 
Illinois, 1948. 

Forbes.T. R., EndocfinoIog(/49,218 (1951). 

Fowler, B.E.,andEdwaras,B,G,J.EmlocrinoI, 16, 374 (1957). 

FraenW-Coniat, H., Li, C. H„ Simpson, »' F and Evans. H. M., 


and Evans, H. M., 

crinology 27. 793 (1940). 

Fraenkel-C^niat, H.. Simpson. M. E., Li. C. H.. and Evans, H. M.. Annies fac. 


70. 

71. 

72. 


73. 


med. Montevideo 25, 627 (1940). 

Fried. P. H., and Rakoff, A. E., J. Clin. Endocrinol. 10, 423 ( 1950). 

Gev G. O., Seegar, G. E., and Heilman, L. M., Science 68, 306 ( 1939). 
Greenblatt. R. B.. Clark, S. L., and West, R. M., Fertility and Sterility 1. o-i 

(1950). I . iq'T 

and Jones, I. C., Recent Progr. in Hormone Research o, 


, Van Dyke, H. B., and Chow. B. F., Endocrinology 30, 635 


75. 


76 


78. 

79. 


81. 

82. 

83. 


Creep, R. O., 

(1950). 

Creep, R. O., 

(1942). 

Hamburger, C., in “Hormone Assay” (C. W. Emmens, ed.), p. 174. Acadenu 
Press, New York, 1950. 

. .. Hamburger, C., Acta Endocrinol. 24, Suppl. 31, 59 ( 1957). 

76a. Hamburger, C., and Johnsen, S. G., Acta Endocrinol. 26, 1 (1957). 

77. Hamlett, G. W. D., Am. /. Physiol. 118, 664 ( 1937 ) . 

Hartman, C. G., Bull. Johns Hopkins Hosp. 63, 351 (1938). j v V 

Hays, E. E., and Steelman, S. L,, In "The Hormones” (G. Pincus and K. 

Thimann, eds.), Vol. 3, p. 201. Academic Press, New York, 1955. 

Heitman, H., Jr., and Cole, H. H., /. Animal Sci. 15, 970 ( 1956). 

Hertz, R., Vitamins and Hormones 4, 135 ( 1946). 

Hertz, R., Recent Progr. in Hormone Research 2, 161 ( 1948). , . 

Hisaw, F. L., Creep, R. O.. and Fevold, H. L.. Anof. Record 61, Suppl- Z4 
(1935). 

Hohhveg, W., Klin. Wcchschr. IS, 92 (1934). 

Knobil, E., Morse, A., and Creep, R. O., Ancf . Record 124, 320 ( 1956 ) . 

Koneff, A. A., Anat. Record 74, 383 (1939). 

Laufer, A., and Sulman, F. G., J. Clin. Endocrinol, and Metabolism 16, H 
(1930). 

League Nations Bull. Health Organisation 8, 884 { 1939). 

League Nations Bull. Heolth Organisation 8, 898 U939). 

League Nations Bull. Health Orgonlsatfon 8, 909 (1939). 

Leathern, J. H., and Levin, L.. Endocrinologij 29, 8 ( 1941 ) . 

Leonard, S. L., Am. J. Physiol. 98, 408 ( 1931 ) . 

Leonard, S.L., Proc. Soc. Exptl. Biol. Afed. 30, 403 (1932). 

Li, C. H., J. Am. Chem. Soc. 72, 2815 (1950). 

U. C. H., Federation Proc. 16, 775 (1957), see also reference (10). 

LI. C. n., Ailcancesin Protein Chem. 12, 269 (1957). 

LI, C. II., in “Symposium on Protein Structure: International Union of 
and Applied Chemistry, Paris. 1957” (A. Neuberger, ed.), p- 
Metliuen & Co., Ltd, London. 1938, 

U. C. IL, and Evans, II. M., fn “The Hormones” (G. Pincus and K. V. 
'n»lmann.cd».),Vol.l,p.631. Academic Press, Ne^v York, 1948. 

V. ’ S' 1. Wonder, D. II., J. Gen. Physiol. 23. 733 (1910)- 

U. C. H., and Pedersen, K. O., J. Gen. Phyriol. 35, 629 ( 1932). 


84. 

85 . 


89. 

90. 

91. 

92 . 

93. 
91. 

95. 

96. 

97. 


09. 

100. 



GONADOTROPINS IN REPRODUCTION 


109 


101. Li, C. H., Simpson, M. E., and Evans, H. M., J. Am. Chem. Soc. 64, 367 

(1942). 

102. Li, C. H., Simpson, M. E., and Evans, H. M-, Science 109, 445 ( 1949). 

103. Loraine, J. A., Vitamins and Hormones 14, 305 ( 1956). 

104. Loraine, J. A., and Bro\vn, J. B., /. Clin. Endocrinol, and Metabolism 16, 

1180 (1956). 

105. Ludwig, D. J., Endocrinology 46, 453 (1950). 

106. Lyon, R, A., Simpson, M. E., and Evans, H. M., Endocrinology 63, 674 ( 1953). 

107. Lyons, W. R., Cold Spring Harbor Symposia Quant. Biol. 6, 198 (1937). 

108. Lyons, W. R., Proc. Soc. Exptl. Biol Med. 54, 65 (1943). 

109. Maddock, W. O., Leach, R, B., Tokuyama, I., Paulsen, C. A., Nelson, W. O., 

Jungck, E. C., and Heller, C. G., Acta Endocrinol. Swppl. 28, 55 (1956). 

110. Marden, W. G. R., Endocrinol 60. 456 (1952). 

111. Martins, T., Mem. inst. Oswaldo Cruz Suppls. 1-12, 242 (1928-1929). 

112. McArthur, J. W., Endocrinology 60, 304 ( 1952 ) . 

113. Mulinos, M. G., and Pomerantz, L., J. Nutrition 19, 493 ( 1940). 

114. Nalbandov, A. V., Fertility and Sterility 3, 100 (1952). 

115. Nalbandov, A. V., Poultry Science 32, 88 (1953). 

116. Nelson, M. M., Federation Proc. 14, 446 ( 1955) . 

117. Nelson, M. M„ Pediatrics 19, 764 (1957). 

118. Nelson, M. M., and Evans, H. M., Endocrinology 65, 543 (1054). 

119. Nelson, M. M., and Evans, H. M., /. Nutrition 55, 151 ( 1955). 

120. Nelson, M. M., and Evans, H. M., Proc. Soc. Exptl. Biol. Med. 91, 614 (1936). 

121. Nelson, M. M., Lyons, W. R., and Evans, H. M., Endocrinology 48, 726 (1951). 

122. Nelson, W. O., Acta Endocrinol Suppl. 28, 7 (1956). 

123. Otsuka, H., and Noda, Y.,;. Btochem. (Tokyo) 41, 547 (1954). 

124. Paesi, F. J. A., and de Jon^, S. E., Acta Endocrinol 16, 1 (1954), 

125. Paesi, F. J. A., de Jongh, S. E., Hoogstra, M. J., and Engelbregt, A., Acta 

Endocrinol 19, 49 (1955). 

128. Papkoff, H., and Li, C. H., /. Biol Chem. 231, 367 (1958). 

127. Pencharz, R. I., and Long, J, A., Science 74, 206 ( 1931 ) . 

128. Philipp, E., Zenfr. Gynakol. 64, 1858 (1930). 

129. Raacke, I. D., Li, C. H., and L^stroh, A. J,, Acfa Endocrinol. 17, 366 ( 1954 ) . 

130. Raacke, I. D., Lostroh, A. J., Boda, J. M., and Li, C. H., Acta Endocrinol. 26, 

377 (1957). 

131. Ray, E. W., Averill, S. C., Lyons, W. R., and Johnson, R. E., Endocrinology 

66, 359 (1955). 

132. Rimington, C., and Rowlands, I. W., Biochem. J. 38, 54 (1944). 

133. Robinson, T.J.,J.Agr.Sci. 41, 6 (1951). 

134. Robinson, T. J., J. Endocrinol. 10, 117 (1954). 

133. Rowson, L. E., J. Endocrinol. 7, 260 (1951). 

130. S.'^lhanick, II. A., Hisaw, F. L., and Zarrow, M. X., /. Clin. Endocrinol, and 
Metabolism 12, 310 (1952). 

137. Schneider, W. G., and Frahnt, H., Acta Endocrinol. 20, 270 ( 1955). 

138. Simpson, M. E., Western J. Surg. Obstct. Cynccol. 62, 287 ( 1944). 

139. Simpson, .M. E., and Evans, H. M., Endocrinology 39, 281 (10-16). 

140. Simpson. M. E.. U, a lU and Evans, U, M., Endocrinology 80, 077 (1012). 

141. Simpson, M. E.. U, C. H.. and Evans, II. M., Endocrinology 35, 90 (1914). 

142- Simpson, M. E., U. C. II.. and Esant. H. M., Endoerinolopy 48, 370 ( 1031 ), 



108 


MmiAM E. SIMPSON 


65. FoUis, R. H., “Pathology of NotriliOTial Disease.” C. C Thomas. Springfield, 

Illinois, 1948. 

66. Fotbes,T.R., Endocrinology 49, 218 {1931). 

67. Fo\vler,R.E.,andEdwaTds,R.G.,/.EndocrinoM5,374 {1957). 

68. Fraenkel-Conrat. H., Li. a H,, Simpson, M. E., and Evans, H. M., Eiulo- 

crinology 27, 793 (1940). 

69. Fraenkel-Conrat, H., Simpson. M. E., Li, C. H., and Evans, H. M., Anales pc. 

med. Monfcoidco 25, 627 (1940). 

70. Fried, P. H., and Rakoff, A. E., J. Clin. Endocrinol. 10, 423 ( 1950 ) . 

71. Gey, G.O.,SeegaT,G.E.,andHellman,L.M., Science 88, 300 (1938). 

72. Greenblatt, R. B., Glaik, S. L., and West, R. hi., Ferfdify and Sterility 1, 533 

<1^30). ^ . K 107 

73. Creep, R. O., and Jones, I. C., Recent Pfogr. in Hormone Research o, 

(1950). , 

74. Creep, R. O., Van Dyke, H. B., and Chow, B. F., Endocrinology 30, 

(1942). , . 

73. Hamburger, G., in “Hormone Assay” (C. W. Emmens, ed.), p. 174. Academic 
Press, New York, 1950. 

76. Hamburger, C., Ada Endocrinol. 24, Suppl. 31, 59 ( 1957 ). 

76a. Hamburger, C., and Jobnsen, S.G., Acta Endocrinol. 26, 1 (1937). 

77. Hamleti, G. W. D., Am. J. Physiol. 116, 684 ( 1937 ) . 

78. Hartman. C. G., BuH. Johns Hophins Hosp. 63, 351 ( 1938). 

79. Hays, E. E., and Steelman, S. L., in “The Honnones” (G. Pincus and K. V. 

Thimann, eds.), Vol. 3, p. 201. Academic Press, New York, 1955. 

80. Heitman, H., Jr., and Cole, H. H., /. Animoi Sci. 15, 970 < 1956 ) . 

81. Hertz, R., Vitamins and Hormones 4, 135 ( 1946) . 

82. Hertz, R., Recent Pfogr. in Hormone Research 2, 161 (1948). 

83. Hisaw, F. L., Creep, R. O., and Fevold, H. L., Anat. Record 61, Suppl. S4 

(193S). 

84. Hohlweg. W., Klin. Wociwchr. 13, 92 (1934). 

85. Knobil, E., Morse, A., and Creep, R. O., Anat. Record 124, 320 ( 1956 ) . 

80. Koneff, A. A., Anat. Record 74, 383 ( 1939). 

87. Laufcr, A., and Sulman, F. G., J. Clin. Endocrinol, and Metabolism 16, 1151 

(1956). 

88. Lcogue yations Bull, Health Organisation 8, 884 ( 1039). 

89. League Nations Bull. Health Organisation 8, 898 (1939). 

00. League Kations Bull. Health Organisation B, 909 (1939). 

91. Leathern, J. II., and Levin, L., Endocrinology 29, 8 ( 1941 ). 

92. Leonard, S. L., Am. J. Physiol. 98, 408 (1931). 

93. Leonard, S. L., Troc. Soc. Eipfl. Biol. Med. SO, 403 (1932). 

94. Li. C. IL, /. Am. Chem. Soe. 72. 2815 (1950). 

95. U. C. IL, Federation Proc. 16.775 (1957), see also reference (10). 

00. Li, C. IL, Adcances in Frotdn Chem. 12, 289 (1957). 

97, U, C. IL, In "Symposium on Protein Structure; International Union of 

and Applied Chemistry, Paris. 1957" (A. Neubercer, cd.), p- ^03. 
McUiucn & Co., Ltd. l^don. 1958. 

95. IJ. C, IL, and Evans. 11. M, In The Hormones" (G. Plnais and K. V. 

1»P- Ml. Academic Press. Ncu- York. 1948. 

TO. U C. II., Evans, H. M.. and Wonder, D. H., /. Cm. Phytiol. 23, 733 (1040). 
100. U. a IL, and Pedersen. K. O, /. Cm. rhyHol. 35. 629 ( 1952). 



GONADOTROPINS IN KEPRODUCTION 


109 


101 Li, C H , Simpson, M E , and Evans, H M , / Am Chem Soc 64, 367 

(1942) 

102 Li, C H , Simpson, M E , and Evans, H M , Science 109, 445 ( 1949) 

103 Loraine, J A , Vitamins and Hormones 14 305 (1956) 

104 Lorame, J A , and B^o^vn, J B , / CUn Endocrinol and Metabolism 16, 

1180 (1956) 

105 Ludwig, D J , Endocunologtj 46, 453 ( 1950) 

106 Lyon, R A., Simpson, ME, and Evans, H M , Endocnnologtj 63, 674 (1953) 

107 Lyons, W R , Cold Spring Harbor Symposia Quant Biol 6, 198 (1937) 

108 Lyons, W R,Proc Soc Exptl Biol Med 64,65 (1943) 

109 Maddocl, W O , Leach, R B , Tokuyama, I , Paulsen, C A , Nelson, W O , 

Jungck, E C , and Heller, C G , Acta Endocrinol Sttppl 28, 55 (1956) 

110 Marden, W G R , Endocnnol 60,456 (1952) 

111 Martins, T , A/em inst Oswaldo Cruz Suppls 1-12,242 (1928-1929) 

112 McArthur, J W, Endocnnologi/ 60, 304 (1952) 

113 Muhnos, M G , and Pomerantz, L , / Nutrition 19 493 (1940) 

114 Nalbandov, A V , TertdiUj and Sterility 3, 100 ( 1952) 

1 15 Nalbando\ , A V , Foultry Science 32, 88 ( 1953 ) 

116 Nelson, M M , Federation Proc 14, 446 (1955) 

117 Nelson, M M , Pediatrics 19, 764 ( 1957) 

118 Nelson, M M , and Evans, H M , Endocrinology 65, 543 (1954) 

119 Nelson, M M, and Evans, H M,/ Nutrition 66, 151 (1955) 

120 Nelson, M M , and Evans, H M , Proc Soc Exptl Biol Med 91, 614 ( 1956) 

121 Nelson, M M , Lyons, W R , and Evans, H M , Endocrinology 48, 726 (1951) 

122 Nelson, \V O , Acta Endocrinol SuppI 28,7 (1956) 

123 Otsuka, H andNoda, Y,/ Btochem (Tokyo) 41, 547 (1054) 

124 Paesi, F J A , and de Jongh, S E , Acta Endocrinol 16, 1 (1954) 

125 Faesi, F J A , de Jongh, S E , Hoogslra, M J , and Engelbregt, A , Acta 

Endocrinol 19, 49 (1955) 

126 PapkofF, H , and Li, C H , J Bhl Chem 231, 367 (1958) 

127 Pencharz, R I , and Long, J A , Science 74, 206 (1931) 

128 Philipp, E , Zenfr Ctjnalol 64. 1858 (1930) 

129 Raacke, I D , Li, C H , and Lostroh, A J , Acta Endocrinol 17, 366 ( 1954 ) 

130 Raacke, I D , Lostroh, A J , Boda, J M , and Li, C H , Acto Endocrinol 26, 

377 (1957) 

131 Ray, E W , Avcnll, SC, Lyons, W R , and Johnson, R E , Endocrinology 

66, 359 (1955) 

132 Rlmington, C , and Rowlands, I W,Btoc7icm / 38, 54 (1944) 

133 Robinson, T. J , J Agr Set 41, 6 (1951) 

134 Robinson. T J,J Endocrinol 10,117 (1954) 

135 Ro%\son, L E , / Endocrinol 7, 200 (1051) 

130 Salhanick, H A, Hisaw, F L, and Zarrow, M X, / CUn Endocrinol and 
Metabolism 12, 310 (1952) 

137. Schneider, W G , and Frahm, II , Acta Endocrinol 20, 279 ( 1035) 

138 Simpson, M L, Western] Svrg Obstet Cynccol 62,287 (1041) 

139 Simpson, M E., and E\-ans, H M . Endocrinology 39, 281 (lO-lO) 

140 Simpson, M E , LI, C H , and Es'ans, H M , Endocrinology 30, 077 (1942) 

1 11 Simpson. M F . LI, C H , and Esnns, II M . Endocrinolopy 35. 06 (1914 ) 

1 12. Simpson. M E , LI C II , and Es-ins, II M , IndocHnology 48, 370 (1051) 



110 


MmiAM E. SIMPSON 


143. 

144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 


Simpson, M. E., van Wagcncn, G., and C.irtcr. F., Froc, Soc. Lxptl. Bhl 
2>!cd. 91, 0 (1930). 

Smith, P. E., J. Am. Med. Assoc. 88, 158 (1027). 

Smitli, P. E., Am. J. P/iysiof. 80, 114 (1927). 

Smith,P.E.,Am.J.Anflt.45,205(1030). 

Smith, P. E.. in “Lcs Hormones ScxmcUcs** (S. Droulia, ed.), p. 201. ner- 
mann, Paris, 1938. 

Smith, P. E., Yale J. Biol, and Mctl 17, 281 ( 1914). 

Smith, P. E., Endocrinology 65, 655 (195-1). 

Squire, P. G., and Li, C. H., Science 127. 32 ( 1958). 

Srebnih, H. H., and Nelson, M. M.. Anflf.Becord. 127, 372 (1037). 

Steelman, S. L., Kelly, T. L., Segaloff. A., and Weber, C. F.. EndocHnologtf 


69,258 (1936). 

153. Steelman, S. L., Lament, W. A., and Ballcs, B. J.. Endocrinology 66. -lo 

(1955). 

154. Steelman, S. L., Lament, W. A., and Baltcs, B. J., Aefa Endocrinol. 22, IbO 

(1958). 

155. Steelman, L. S., and Pohley, F. M., Endocrinology 63, 804 (1953). 

156. Sturgis, S. H., Ferliliiy end Slerilily 1, 40 (1030). 

157. Sturgis, S. H., and Haour, P., FertiUtij and Sfcrtlfiy 2, 347 ( 1951 ) . 

158. Talbert, G. B., dl Pillo, F., and Cordis, L., Endocrinology 61, 61 1 ( 1937 ) . 

159. Taymor, M. L., and Sturgis, S. H., Fertility and Sterility, In press. 

160. Umbaugh, R. E., Fertility and Sterility 2, 243 ( 1931 ). 

161. Van Dyke, H. B., P’an, S. Y., and Shcdlm’sky, T., Endocrinology 49> 503 

(1950). 

162. van Gilse, H. A., Nass, C. A. C., and Kassenaar, A. A. H., Acta Endocrinol 


24, 91 (1957). 

163. Van Wagenen, G., Anaf. Record 29, 398 (1925). 

164. van Wagenen, G., and Simpson, M. E., Proc. Soc. Eiptl. Biol. Med. 90, 346 

(1955). 

165. van Wagenen, G., and Simpson, M. E., Endocrinology 61, 316 ( 1957). 

166. van Wagenen, G., and Simpson, M. E., Rco. suisic zool. 64, 807 (1957). 

167. Walsh, E. L., Cuyler, W. K.. and McCuUagh, D. R.. Am. /. Physiol 107. 

508 (1934). 

Vilote, X., Bonsnes, B. W., and Long, C. N. H., J. Biol. Cliem. 148. 447 
(1942), 


169. Wdhelmi, A. E., in “The Hypophyseal Growth Hormone, Nature and Ac- 

tions” (R. W. Smith, Jr., O. H. Gaebler, and C. N. H. Long, eds.), p* 
BlaUston DLv., McGraw-Hill, New York, 1954. 

170. Williams, P. C., Noturc 145, 388 ( 1940) . 

171. Witschi, E., Endocrinology 27, 437 (1940). 

172. Witschi, E., and Riley, G. M., Endocrinology 26, 565 (1940). 

173. Woods, hf. C., and Simpson, M. E., unpublished. 

174. Wooten, E., Nelson, M. M., Simpson, M. E., and Evans, H. M., Endocrinology 

56, 59 (1955). 


175. Zartow, M. X., and Neher, G. M.. Endocrinology 56, 1 ( 1955). 

176. Zondek, B., and Aschhenn, S., Kim. Wochschr. 6, 248 (1927). 

177. Zondek, B., and Snlman, F. G., “Tie AnHgonadotropic Factor.” Williams & 

Wilkins, Baltimore, Maryland, 1942. 

178. Zondek, B., and Sulman, F., Vrtomins ond Hormones 3, 297 (1945). 



CHAPTER 4 


Role of Gonadal Hormones in Reproducfive Processes 
C W Emmevs 

Page 

I Introducbon 

A Types of Hormone Concerned 112 

B Sources of Steroid Hormones 114 

C General Actions, Blood Levels, and Dosage 115 

1 Androgens 115 

2 Estrogens 116 

3 Progesterone 118 

II Androgens 118 

A Normal Role at Puberty and die Breeding Season 119 

B Effects of Castration 120 

C Effects on the Male Reproductive Organs 122 

1 External Genitaba 122 

2 Internal Gerutalia 123 

D Effects on the Female 125 

E Effects on the Embryo 127 

F Assay 127 

1 Biological Assay 127 

2 Chemical Assay 128 

III Estrogens 129 

A Normal Role at Puberty and the Breeding Season 129 

B Effects of Ovariectomy 129 

C Effects on the Female Reproductive Organs 130 

D Effects on the Male 133 

E Effects on the Embryo 134 

F Assay 133 

1 Biological Assay 135 

2 Chemical Assay 136 

I\'’ Progesterone 137 

A Normal Role in the Nonpregnant Female 137 

B Normal Role in the Pregnant Female 138 

C Assa> 139 

1 Blologieal Assa) 139 

2 Cliemici) Assa) 140 

V The Estrous Cycle 140 

A General Considerations 140 

B Cyclic Changes in tlic Female RcproducUie Organs 112 

C I actors Affecting the Tvaic of Estrous C\clc 111 

VI Bch\m 140 

A Nature and Distribution 340 

B Plij'slological Action 110 

C Assai of Relitin 147 

Bcftrtnccs 1^7 

in 



c. W. EMMENS 


2 


1. Introduction 

A. Types of Hormone Concerned 

With the exception of relaxin, all ',o choles- 

,e concerned in this chapter arc •^^?y„“;Xuoally, and are 

=rol, although not nccessanly derwed from ‘ ^j,enal 

,ait of a wide range of compounds formed m the gonads, me 

jortex, and the placenta. 



Fig. 1. Details of the steroid nucleris showing nomenclature 
carbon atoms. 


of the rings and 




Fic. 2. Four important androgens: 
(3) androsterone; (4) androstenedione. 



Tlie basic steroid nucleus, the cyclopenlanoperhydrophenanthrene 

nucleus, is shouTi in Fig. 1. Compounds with actions resembling tna^ 
hormone, the androgens, are characterized by having a carbon atom 
each of positions 18 and 19, and may be typiBed by testosterone, t e 
most potent natural androgen. This and other important androgens are 
shown in Fig. 2. Compounds which induce comification of the roden 
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vagina, and which otherwise have actions resembhng female hormone, 
the estrogens, are characterized by having a carbon atom in position 18 
but not m position 19 These are typified by 17p estradiol, probably tlie 
most potent of the natural estrogens, shown together with some other 
natural estrogens in Fig 3 It is also charactenshc of tlie natural estro- 
gens that they have an unsaturated A-nng Progestabonal steroids witli 
actions resembhng progesterone are very few in number and are typified 
by that compound (Fig 4) and by havmg a structure hke testosterone 
with an addibonal side chain in posibon 17 Adrenocorbcal compounds 




Fic 3 Four Important natural estrogens (1) estradiol (2) estrone, (3) cstnol, 
equilin 


CM, 

\ 



1 1 C 4 rropcs*ogcns (1) progesterone (2) ttlunjUestostcronc, (3) 17*etliIn\I 
5( lO)K'»tr4eneoIone (4) I7-etIi)I 10*nor tcitosterone 


are even more nunurous linn those listed al>o\c, m fact, the adreinl 
corttx rninufacturc^ pncticilh the Mhole hiologlml range, but lliosc 
more clnracUristic of its action art not the subject of this clnptcr 
De’aileil discussion of the inb rrclaUonships of steroids, of isomeric 
fomu and methmls of prcpiration nvi\ lx* sought in references (COJ) 
md (n) 
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B. Sources of Steroid Hormones 

Androgens are found in the gonads of both ^a)]’ 

and prob'abfy Plac“ta [for a Ld L the 

Testosterone has been found in J 1 gland. Its 

spermaUc vein, but is probably not o™ed ^ goLdotropic 

bisynthesis is at least in part controUed by *e pitndaty g 
horTones and in some species it rs -^P^t ha^riso bin isolated 
male hormone. However. A‘-androstene^,17-di™e ^ are 

from both testes and the jS.dione; 

apparently produced by "tldVatoxyepi- 

adrenosterone; lip-hydroxy-A‘-androstene.3,17-dione, UP y 
androsterone; and dehydroepiandrosterone (61). , j c“- 

Testosterone and A^-androsteneWone are " 
labeled acetate (19) in the testes of various Synthesis 

the formaHon of cholesterol as an 

are now thought to be oxidation of ajie. 

tion to no-hydroxy progesterone and then to ^'-ancbos e„e-3 17 
This last compound would form testosterone on reduction of tn 

Estrogens have been isolated from the gonads, adrenals, a^d P'aee”*^^ 
the testes of the male may produce estrogen in large a'"'*'”' - “ h „[ 
instance, in the stallion. 17p-Estradiol has been isolated from a 
these sources. Estrogen production in both sexes is stimu / 

gonadotropins, particularly by pituitary luteinizing bntmone “ 
rionic goniotropin. Studies with C'*-labeled acetate (121) and 1 
cholesterol have shmvn the production of estrone from acetate ° 
from cholesterol, and the production of equilin and equihnm (esu g 
peculiar to the equidae) from sources other than estrone. It is tn & 
that estrogen biosynthesis represents a rather special case in the ge 
scheme of steroid synthesis, the origin of the aromatic ring A 
obscure. For detailed discussion Dorfman and Shipley (63) and W 
cf fli. (120) may bo consulted. ^ 

Progesterone, the only natural substance of importance in its group, 
produced by the corpus lulcum, the placenta, the adrenal cortex, an 
most probably by the Graafian follicle even prior to ovulation. Its pro u ^ 
lion in the corpus lutcum of at least some species (outstandingly ‘ 
rat) would seem to depend on prolactin from the anterior pitu» aiy 
gland. In other species, notably the rabbit (216, 217), the luleottopi^^ 
hormone may be estrogen. It has been assumed, mostly on indir 
grounds, that the domestic animals and man resemble the rat ra 
than the rabbit in this regard. Tlte stimulant for progesterone sjaithcsi 
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in the adrenal gland seems to be adrenocorticotropin. Progesterone can 
be formed directly from cholesterol by the placenta (16) and is thought 
to be so formed in the endocrine glands proper; as indicated above, it 
is thought to be formed during the biosynthesis of testosterone. 

C. General ActionSy Blood Levels, and Dosage 

Brief consideration will be given to some actions of the gonadal 
hormones otlier tlian those more specific to the reproductive tract. In 
addition to being stimulants of growtli of the accessory reproductive 
organs and of sex receptivity, the gonadal steroids have various systemic 
actions of importance to an understanding of their over-all effects in the 
organism. 

1. Androgens 

Androgens cause nitrogen retention, but the nitrogen is promptly 
lost on cessation of administration. This is a specific protein anabolic 
effect [(145, 200) for summary]. A main effect is on skeletal muscle 
and occurs in the absence of the testes and various other endocrine 
glands. A large range of androgens has recently been examined in this 
regard by Kochaldan and Tillotson (146). Increased sebaceous gland 
development and secretion are seen on androgen administration to botli 
rats (65) and man (109). In the male, androgen elicits the characteristic 
behavior patterns of that sex in each particular species (10), but tends 
to be more important in the higher vertebrates in this regard. However, 
tlie clasping reflex of frogs and toads (193), and the male call (15) 
depend on androgen; male sexual behavior in reptiles of various species 
is lost on castration and restored by androgen injections. 

The testes and the pituitary gland affect each other, the influence 
of the testis on the pituitary being e.xerted via the production of andro- 
gen. This apparently keeps tlie gonadotropin output of tlie pituitary 
gland M’itliin normal limits in tlie intact animal, excess of gonadotropin 
being formed on castration in the rat (169, 170). A similar relationship 
is seen in humans by measurement of urinary gonadotropin output (37). 
In birds, excess of androgen will inhibit the pituitary output of other 
hormones (196). 

Blood levels of steroids have been reviewed recently by Tamm (236), 
although this review is mostly concerned with corticoids. Tamm reports 
mean values of about 40 |ig./100 ml. for dehydroisoandrosleronc and 
about 20 t»g./100 ml. for androslcronc and ctiocholanolone in the blood 
of men and women alike, less in children. Other recent human figures 
show 2S-72 (ig./lOO ml. total 17*keloslcroids and a mean for adult males 
of 1(1 jig./lOO ml. total 17-kctostcroids, of whicli 63% was dchydroiso- 
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I A-\ om\ Tittle is known about 

androsterone and 11^. “"'’"'^‘"rtlit tl.rabovc measurements refer 
other species. It However. 

r il— "™:i%ireulatin6 testosterone levels seems to be 

^™Sogens are usually injected in oily mL^ 

mote soluble than in water or salme. ^ j tablets. The free 

(which delay absorpUon). or %°aXn itself causing further 

impounds or esters may be used. “totoP the commonest injected 
delay in absorpUon Testosterone pmp.onatc. the co 

androgen and needs to be given “"'y ‘‘="’ “y , testosterone 

effecute circulating level of hormone Ibe actual ™°unt of 
in the citculaUon at any one time after ^ a mush or 

been measured, but it is clear that gradual absorpUon Irom 

tablet is much less wasteful of m man^a^d the domesUc 

Thus, injections of free or estenfied testosterone to ro g ja 

animals to repair castraUon changes * atorhand, 4-6 

10 mg.A&. tepeated daily or every few days. On the “n 
m&Ag- implaLd every 3-1 months will serve *e same purp 
saving of some 907<, of the injected hormone. 

Dorfman and Shipley (63) also quote extensively f"”" ® fJJoO ml. 
Tomblom (237). in which earlier figures ^^“®^,“i^®androgen. 
testosterone, but with no check on &e actual nature of ,^an 

Normal men and normal women differed ht^ m blood . [a„iy, 

4.7 ± 0.6 pg./loo ml.; women 7.5 ± 3.5 pg./lOO inl.) while. . . 

castrates of both sexes were much lower (approximately 1 pg-/ 


2. t^stTOgens Com 

Estrogens produce general body metabolic eBects d' effect 

those with androgens. A possible exception is the protein anabo 
especially prominent in ruminants; this may be an indirect 
ever, involving the stimulation of the secretion of androgemc sud 
by the adrenal cortex (41a) or of the secretion of growth Jgca- 

the anterior pituitary gland. Growth of bones is inhibited and ° ^ 

tion is intensified. Tlus may cause sufficient narrowing ^ ljut 

cavity to result in anemia, an effect particularly marked in 
seen also in mammals (223). In the dog, less prominently m 
mammals, fatal anemia may follow which is not entirely due to 
marrow effects. 

Anotlier effect of estrogens is vasodilation and consequent edem 
confined to any one area, and apparently unaffected by innervation. 

“sex skin” of some primates especially shows diis phenomenon. 
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following prolonged treatment for several weeks the edema may spread 
over most of the body surface, even in males (9, 79). 

Estrogens affeot the pituitary gland more profoundly than do andro- 
gens; a virtual chemical hypophysectomy is possible with continued high 
dosage, resulting in inhibition of growth and in gonadal regression. In 
rodents of both sexes, pituitary tumors may eventually develop and may 
cause blindness and death [for review of the earlier work see Burrows 
(29)]. The same reciprocal relationship exists between the ovary and 
the hypophysis as between the testes and hypophysis, but with much 
greater complexity in the normal cyclic female. 

Mitotic activity and the action of steroids has been studied in particu- 
lar by BuUough, who has recently summarized his views (27). Estrogens 
in particular stimulate the glucokinase system and it is believed that this 
is in all probability the main basis of their mitogenic actions. All estro- 
gens tested have proved active, increasing mitosis in the general epider- 
mis, as well as in the sex tract. Although other reports have indicated 
similar action with androgens (28), this general reaction is not now 
found with testosterone or progesterone. 

Problems of behavior in the female are much more complex than in 
the male, and it is becoming more and more apparent that the term 
“estrogen” may in many species be a misnomer, in that psychic, if not 
also bodily estrus, is in fact more readily or even solely produced by 
combinations of estrogen and other steroids, notably progesterone, or 
even by androgen. The question is more fully discussed below. 

Estrogens have recently been shown to act in an apparently normal 
manner, in tissue culture (112). Slices of rodent vagina respond by 
stratification and comification in the course of a few days and show the 
characteristics of the in vivo response. While a great deal of biochemical 
work has been carried out on the interaction of steroids and enzyme 
systems in vitro (59), this is one of the first demonstrations of a full 
in vitro biological response, and is not shown except in tlie organized 
tissue slice. 

A summary of recent work on blood estrogens is given by Christianson 
(39). Peak values of about 6 ng./liter are seen in tlie course of tlie 
menstrual cycle in women. More details of the normal cycle are given 
by Varangot et at. (238) who find 6.7 ± 3.6 pg./lO cm.“ of combined 
estrone and estradiol in the first half of the cycle and 7.8 2: 3.6 [ig./lO 
cm.® of combined estrone-estradiol and 0.75 0.80 jig./lO cm.® of 

estriol. If 10 cm.® me.ms liter, these figures are in line with the general 
literature, but if it means 10 ml., they are much greater than usual. In 
pregnancy, blood estrogens are elevated. Tims, Preedy (203) found 
in late pregnane)’ 2.7-10.0 |ig./I00 ml. of estrone, 1.3-2.9 pg./lOO ml. of 
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estradiol and 4.3-17.5 (ig./ml. of estriol, a particularly striking difference 
since this author found only traces of all three in normal female urine 
(0-0.2 pg./lOO ml estrone, 0.3-0.3 pg./lOO ml cslriol). 

Estrogens arc administered in much the same way as arc androgens, 
being also relatively soluble in oils, but studies of estrogen levels in Uie 
blood following injection seem to be particularly lacking. Estrogen 
dosage varies enormously, as the compounds arc used for such a varict) 
of purposes, and rarely for simple repair of castration changes as in the 
male. However, doses arc in general much lower than the doses of 
androgens, as it is typical of die natural and most potent synthetic estro- 
gens that microgtams suffice where milligrams of androgens arc needed. 
Thus, menopausal changes in women may be sufficiently corrected by 
daily doses of 0.025-1.0 mg. of sUlbcslrol or cllunylcstradiol 

3, Progesterone 

Except when given in high doses to the nonpregnant female, proges- 
terone has less effect on general bodily functions than have androgens 
or estrogens. It acts somewhat like adrenal steroids in causing decreases 
in circulating eosinophils in adrcnalcctomizcd rats (43) but docs not 
copy these steroids in many other ways. Various actions of this and oUier 
steroids on the extragcnital system are summarized by Pincus (200). 

More work has been done on blood levels of progesterone, including 
postinjection levels, than with most other steroids. The results arc re- 
markably discrepant, however, and one is faced wlh no clear picture. In 
general, biological tests of the type first elaborated by Hooker (130) give 
much higher estimates than chemical or physicochemical metliods. Thus, 
Forbes (87) found 5.2 pg./ml in the plasma in the luteal phase of the 
menstrual cycle, while Neher and Zarrow (189) found 0.3-2.0 pg./ml 
at estrus in the ewe, 6.0 pg./ml. in the luteal phase, and a peak of 
&-12 pg./ml. in pregnancy. Zarrow and Neher (255) also found up 
to 10 pg./ml in the pregnant rabbit and 1.0 pg./ml. normally. These 
authors used Hooker’s technique. In contrast, Hoffman and Von Lam 
(129) found maxima of 0.004 Hg./ml and 0.009 pg./ml. in the luteal 
phase and in pregnancy in the human, respectively; Zander (232, 254) 
found 0.039-0.268 pg./ml. in the last third of human pregnancy; Som- 
mervifie (232) found 0.098, 0.110, and 0.123 pg./mL in human pregnancy 
bloods and 3.76 pg./ml. after the intravenous infusion of 150 mg. in 
die human. These authors used chemical techniques of estimates. 

Raeside and Turner (206) injected progesterone subcutaneously to 
wttle, sheep, and goats-in catUe 1 g. gave about a 1 pg./ml. peak after 
2 hours; 100 mg., a 0.5 pg./inl in the same time, and again using chemi- 
cal estimation. The daily injection of 1 g. in a heifer gave a level of 
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about 0.6 ng./ml. in the peripheral blood, while daily injections of 100 
mg. gave levels not much below this, indicating much wastage at the 
liigher dose level. 

II. Androgens 

A. Normal Role at Puberty and the Breeding Season 

There is little evidence for significant secretory activity of the testis 
as an endocrine gland prior to the approach of puberty. While embryonic 
development may be disturbed by the administration of sex hormones, 
it still seems very dubious that such a mechanism is physiological, even 
in the production of freemartins (139). From excretion studies, it would 
appear that the human urinary content of 17-ketosteroids (which sup- 
posedly reflects the male hormone content of the blood), or of actual 
androgens, is so low as to be negligible in the normal subject until 
puberty commences, as shown in Figs. 5 and 6. Thereafter it rises rapid- 
ly and remains high until senescence. No corresponding data are avail- 
able from any animal species, so it has to be conjectured that a similar 
course of events occurs. 

Prior to puberty, the accessory organs can respond to sex hormones. 
It is thus reasonable to assume Aat Uie quiescent prepubertal sex tract 
is receiving no stimulus, since it could respond if it were. Puberty may 
be stimulated by normal testicular activity at a varying time in relation 
to body growth in different species. In most rodents studied, puberty 
occurs at about half the adult body weight, whereas in primates general 
body growth is much more advanced (7). Also, puberty and se.xual 
maturity tend to be almost synonymous in rodents and other small ani- 
mals, whereas in many of the larger domestic animals and man himself, 
sexual maturity follows only after an interval of months or years. We 
must therefore differentiate the two phenomena: puberty, tlie time when 
reproduction is possible, and sexual maturity, when full reproductive 
capacity is reached. 

In animals which show little or no breeding season— and these are 
surprisingly few— the production of androgens continues at a presumably 
steady pace. In most species, but bred out to a varying extent in domes- 
tic animals, a breeding season is normal although less obvious in the 
male than in the female. Marshall s'account of tlic breeding season (167) 
should be consulted for the almost infinite variety of cyclic activity 
offered by lower forms; we shall confine ourselves to vertebrates and 
largely to mammals. Various stimuli in vertebrates act on the h)*pophy- 
sis and cause gonadotropin release, changes in the diurnal period of 
illumination are common in higher vertebrates as a triggering mechanism. 
Tlje.so changes are reflected by variation in gonadal hormone output and 
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in development of the reproductive tract. sUieVr'e^^ 

activity, kberty occurs once, hut sexual activity in many species 

periodically. ^ Excels of CflJfralion 

The effects of castration have been hnmvn *" 
particularly as regards man and some of tlie domestic animal . 



Fig. 5. Andiogen excretioo in diildhood. Reprinted from Dorfman and Slup ^7 
(63), p. 390. 


of all vertebrates would appear to secrete androgens; they contain 
relevant cells (Leydig cells of the interstitial tissue) in fishes (44, 47 )> 
amphibia, reptiles (140), birds, and mammals. 'Hie androgens 
fish testes stimulate comb growth in capons or chicks (118, 202) an^ 
seems reasonable to suppose that they are of a similar chemical nature 
in aU vertebrates. Similarly, synthetic androgens cause characteristic 
changes in fishes (128). 

The main actions of male sex hormones are sho\vn by changes follow- 
ing castration or by the failure to develop particular characteristics aftei 
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prepubertal castration Thus, from the hzard (173, 174) and bird (194) 
to man, castration is followed by failure to develop secondary sexual 
characteristics or then subsequent loss, by fat deposition in many in- 
stances, by the appearance in general of a neutral sexual condition, and 
the loss or absence of hbido 

Extensive work on castration and the effects of male hormone has 
been done in the domestic fowl Castration is followed in the cockerel 
by regression of the comb and wattles, by loss of the capacity to crow. 



Age years 

Fic 6 17-Ketosteroid excretion m childhood Bepnnted from Dorfman and 
Shipley (63), p 397 (Numbers accompanying tire smoothed curves indicate 
references in die ongioal article ) 

involution of the vas deferens, loss of aggressive behavior, and, in some 
breeds, by assumption of a neutral plumage not previously seen In 
norma) breeds, die plumage of the cock and the capon is identical, but 
in the so called henny-featliered breeds {196) the cock responds to male 
hormone as does the hen to estrogens, and tlie bvo sexes thus have identi- 
cal plumage On capomzation, the neutral plumage appears Castration 
of the chick prevents the development of male charactenstics in the first 
instance Tlie cooperation of androgens and estrogens rather than pro- 
gesterone and estrogens seems to be of importance in tlie development of 
the sex tract of pullets (23) 

In mammals, involution of various organs is seen if castration is 
performed postpuberlally, or failure to develop is seen if it is performed 
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prepubertally. The development and mamtenance ^ P“’ ’ jaid- 
prostate gland, seminal vesieles, Cotvp«s ™ f in 

^is, of the characteristic laryngeal behavior 

Lme species, such as man and the hon, and no^al sexual be 
depend on the testes. The glandular secretions “f, baracteris- 

seminal plasma in an early castrate stage fails to conton the cha ^ 
tic fruetose, citrie acid, and other constituents (164), „„.,,mulate 
stage plasma itself is not produced. Male castrates t^ical T b 

body fat, a well-recognized fact in farm animals, and true als 
laboratory animals as the rat (147). However, clinical “^bl- 
and animals shows that the castrate is not always fat and ^be 

bution of body fat is. in addition, only partly controlled ny 

gonads (110)- . , M-ind 

In both birds and mammals, castration affects the pituitary g 
The anterior pituitary gland increases in size (83), and change V 
foundly in histology. The basophil cells increase in number and size 
the acidophils decrease in number and appear to regress to 
phobes (116). Accompanying this, in some species, is a - 

of the basophils, resulting in the so-called signet-ring cell, or 
cell, Nvith a large vacuole in the center and the nucleus looldng 
the signet in a ring of protoplasm (2, 225). In the rat, the 
pituitaries studied by Ellison and Wolfe (69) had 5.5^ of basopm^* 
those of castrates showed 17% of basophils, of which 1.4% were typ ca^ 
signet-ring cells. Another pituitary change is an increase in content o 
gonadotropin, mostly of follicle-stimulating hormone (FSH) 

(156). This increas^ production has been sho^vn parahiotically (1 ' 

by biological assay of pituitary extracts, or by assays of serum or 
(37, 106). Urinary gonadotropin in castrated men may rise tenfo 
compared wth normals. 


C. Effects on the Male Reproductive Organs 
I. External Genitalia. 

In the rat, the penis hypertrophies with an excess of androgen, a^d 
androgen treatment prevents castration atrophy (148). Hypertrophy o 
the penis is expected when treating boys for undescended testicle "T ^ 
chorionic gonadotropin. An extensive survey of the effects of various 
androgens on the glans penis and the prepuce is given by Burrows (29)* 
Tlie musculature of the rat penis is particularly sensitive to androgens, 
for example; Wainman and Shipounoff (242) found that the weight or 
the perineal muscles after the injection of 500 pg. of testosterone propio- 
nate daily for 35 days increased from an average of 1.21 g. to 1.94 g. 
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The scrotum is similarly dependent on male hormone, and adequate 
treatment prevents the shrinkage and depigmentation that otherwise oc- 
curs on castration (107, 108). Twenty immature male rats given 19 
daily injections of testosterone, commencing at 14 days of age, had scrota 
1.5 to 3 times the weight of tliose of uninjected controls. Scrotal enlarge- 
ment is also seen in boys treated for undescended testes by gonadotropin 
injections, due, as with hypertrophy of the penis, to excessive androgen 
secretion. 

2. Internal Genitalia 

The prostate gland is stimulated to both growth and secretory activity 
by androgens, and castration involution is prevented by androgen tlierapy 
(183). In some rodents, tlie immature animals adrenal, with a persistent 
X-zone, may produce enough androgen to maintain prostatic activity to 
a marked extent ( 132, 133, 204) . In tlie adult, however, with an involuted 
X-zone, castration is followed, by full prostatic degeneration. This is 
mentioned because the need for, and effectiveness of, androgens in main- 
taining tlie prostate may seem uncertain with some experiments on 
rodents. Parabiotic e.xperiments by Martins and Rocha (169), in which 
two male rats were joined, showed that excess of androgen may cause 
prostatic hypertrophy. When one partner of two males is castrated, its 
own pituitary gonadotropin rises and the testes of the other partner are 
stimulated to secrete excess of androgen. This results in hypertrophy of 
the noncastrate's prostate gland. 

The principal effect of androgens is on the secretory part of tlie 
prostate gland. Estrogens stimulate the stroma and thus a cooperative 
effect may occur (152). In addition, an anomalous result may be seen 
on giving weak androgens in older males, when an inhibitory effect on 
the pituitary output of gonadotropin may result in such a fall in endoge- 
nous secretion of androgen that an over-all lower androgen level is the 
result. When this occurs, the prostate and other glands may actually 
decrease in weight (150). 

Prostatic secretion has been recognized as dependent on androgen 
for some time [(136) and many later papers by Huggins et ah]. Since 
the work of Mann and his colleagues, a good deal of attention has been 
focused on tlie biochemical side of this phenomenon, much of wliich has 
recently been reviewed by Mann (164, 165), Fructose is produced as a 
result of androgenic stimulation from the dorsal prostate and coagulat- 
ing gland in the rat, from tlie ventral prostate in tlie rabbit, hut by the 
seminal vesicles in man. In tlie dog, apparently no fructose is produced 
at all. Other components of tlie semen, sucli as citric acid and acid 
phosphatase, have been shown to be hormone-dependent (135, 163). 
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The coagulating gland Camus and Gley ^34. 33^0 


release a specific enzynte causing ™agulationJ>Jjcsi™^^^^^^^ 


disUnct from the rest of the prostate in the 8“^“^ ““"discussing 
rodents. This gland is often not “P“““=’y ,„ce. 

the prostate. It is equally dependent on “ndmgen^^ 


Ihe seminal vesicles produce a fluid which cbts "" dte 


/esicieb 

products of the coagulating 1 ^“"^ ( 102 )-.^ajisJs_^res^m*le 


vaginal plug in many rodents. The degree of clotting vanes 
depending not only on whether a seminal vesicle is , ^cts 

the activity of the mixture. The enz^e just mtmtioned, vus culase.^^^^_ 


, protein from the seminal vesicles, strongly in ^ 
dv in man. hardlv or not at aU in the horse or bull. I" umst sp 


on a _ 

weaHy in man. hardly or not at an in uie iiuis= ^dto- 

the seminal vesicle is the main producer of fructose (IM, 
gens repair castration changes in these glands or stimu a e P 
^owth (187, 188); as with the other glands, secretion is dep 
on androgens (166) 


The preputial glands and Cowper’s gland have been 


studied,' although the significance of their secretions remains P“ 

lroeen*deoendent (179, 240) and subject to g 


obscure. They are androgen-dependent (179, 240) and subject o- 
growth under simultaneous treatment with estrogen, as Nvith ma y ^ 
the male secondary sexual organs. The epididymis and die ® 
are likewise under the control of androgens, and castration changes ; 


be prevented by experimental dierapy (137, 181, 239). 

The testis itself falls into a somewhat different category from the 


going in that it is the site of production of the androgen 
Earlier workers tended to assume that its o^vn secretion did not 


the testis except perhaps via the pituitary gland; now, howe^^r, a 


action on the seminiferous tubules is recognized. Moore and Price { 
showed that bull testis extract caused damage to the testes of 


rats, including the germinal epitiielium, and suggest a pituitary infiuenc 


: workers have shown that the ^act effects produced depei 


age, dosage level, the androgen used, duration of treatment, and 


v,, strain of animals. The subject is well reviewed by Dorfman ■ 
Shipley (63). Most of the work has been on intact rats, and has s 
that even 2 pg. of testosterone propionate per day causes degener 
in the verj' young rat, but that much higher doses are ineffective nf 
days of age or more. V<ay high doses (30 mg. per week or mor® 
produced testicular enlargement due to a direct effect ( discussed b®i^ 
in which the tubules are stimulated but Leydig cells degenerate, 
most intense damage is with testosterone or methyltestosterone, at obo 
1 mg. per day, and is progressive with time up to 195 days (228). Sinn * 
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effects have been demonstrated in the guinea pig (18), and ground 
squirrel (218), but in tlie mouse a high and probably protective dose of 
5 mg. per day did no damage (143), while no effect of high or low 
dosage (0.5 or 5.0 mg./day) followed Moore and Morgan's experiments 
\vitli the opossum (185). Tliis testicular damage is not always readily 
reversible, particularly if caused by early, high dosage. 

The involvement of the pituitary gland is sho^vn by decreased amounts 
of gonadotropin in glands from treated animals (187) and by the fact 
that testicular atrophy can be prevented by the simultaneous injection 
of gonadotropic hormone (18). 

The direct effect of testosterone (or other androgens) on the testis 
was first demonstrated after hypophysectomy in the rat (243, 244). De- 
generation of interstitial cells still occurred, but the seminiferous tubules 
were maintained. These experiments were amply confirmed by later 
workers, and the effect has been shown in the ground squirrel, pigeon, 
and primates. In the rat, spermatogenesis was best maintained by andro- 
stenediol rather than testosterone, which in Masson's (171) experiments 
failed to maintain it, while maintaining testis weight quite well. 

These results illustrate a typical relationship between the pituitary 
gland and one of its dependent glands. Excessive production of the 
target glands o\vn hormone is followed by a decrease in the pituitary 
output of the tropic hormone concerned, and thus by a lowered output 
of the target gland and a new balance. In the case of the testis, a com- 
plication arises in that one of the tissues affected by testosterone is part 
of the testis itself— the seminiferous tubules. 

D. Effects on the Female 

Since the adrenal glands and perhaps even the ovaries secrete male 
hormone, the presence of a certain amount of circulating androgen is 
normal— in the human female, the total blood level of 17-ketosteroids 
and their excretion in the urine is about the same as in the male, but it 
is not clear how much represents original androgen. 

In lower vertebrates, androgens may produce seemingly odd effects. 
Thus, the female South African clawed toad (Xenopus laevis) ovulates 
under androgenic stimulation (226), even the excised toad ovary doing 
so (227). Tlie comb and wattles of the domestic hen grow when andro- 
gens are injected or inuncted, and various other characteristic androgen 
responses are elicited in other birds (249, 250). Androgens stimulate the 
oviduct, as do estrogens, and they also cause follicular stimulation (40, 
227). In some ways, therefore, androgens act ns gonadotropins in birds 
and amphibia. 
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In mammak, androgens affect the female ™ 

important variety of ways. The uterus of spayed females is 
in weight hy the so-called metrotropic activity of ’ P,troeen° 

both the myometrium and the mucosa (149, 151, 190, 1®-)’ , antiro- 

primed uterus may be used to show the progestational offec 
sens, which is never so pronounced as wlh progesterone itse { ’ ’ 

175). The progestational effect is fully developed in 
(78) which is metrotropic, and androgenic and estrogenic, in ^ ’ 

althoueh it seems probable that each activity may be due fo a 
metabolite—the estrogenic activity certainly is (72). Ethynyltes os e 
has the further advantage that, although it is less potent than 
terone, it is active by mouth. Another progesterone-like action o an 
gens is a dampening of uterine motility (214). 

Premature opening and comification of the vagina in rodents o ^ 
administration of some androgens, such as androstenediol (31, 70), 
sequently sho^vn by Rubinstein et al. (218) to be due to direct action 
the compounds concerned. This is not confirmed by the tests of 
(72) in which the proestrogenic character of such androgens was es 
lished, so that although the pituitary or ovary may not be concerns 
the androgens are not themselves the cause of the vaginal response, 
instead, a metabolite is presumably responsible. Androgens >vill norma > 
prevent the vaginal comification caused by estrogens (76, 21o)- , 

The female preputial glands and prostate (Skene’s ducts) are 
by androgens, shadowing the corresponding effects on the male, in^ » 
glands of supranormal size may be produced and may, in the case ^ 
the prostate, secrete increased citric acid (205). Grow^ of the clitoris 
to a penis-like organ under androgenic stimulation is a well*kno\''^ 
phenomenon, seen also in viriliring conditions in women. The femal 
urethra may also exhibit hypospadias. 

The ovary may be affected directly or via the pituitary gland. Most 
effects described fall into the latter class. Follicular maturation occurs 
in the rat, followed often by lutcinization without ovulation (221)"'^ 
response abolished by h)’pophysectoroy. This would appear to be conse- 
quent upon depression of LH output and stimulation of FSH output- 
In general, it x\-ould seem that short treatment with testosterone causes 
Increased piluitaiy output of FSH in the rat or mouse, whereas longer 
treatment (sc^•c^al months) causes ovarian atrophy due to pituilaO’ 
suppression. Again, Uiis resembles the effects of progesterone. Noble 
(192) suggests a direct effect on Uic ovar>' in maintaining corpora lutea. 

Androgens have l>ccn found to stimulate sexual desire in the human 
fcmale-pcrUaps copring the effects of progesterone in this regard. Thus, 
patients trcatctl with androgen for such conditions as breast cancer shou 
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in most cases a heightened se\ drive and easier attainment of orgasm 
(94, 222) 

E Effects on the Embryo 

Galhen (91, 91a, 91b, 91c) showed that, in Rana temporariaj 
genetic females may be completely transformed to males by administra- 
tion of testosterone propionate to the tadpole or frog The modified sex 
IS stable and fertile, and is not reversed by treatment with estradiol sub- 
sequently Not all amplubia respond as fully, and mtersexuals may result, 
dependmg on species, dosage, time of treatment, etc 

In the chiclv, injection of developing eggs causes parbal sex reversal, 
affecting testes and secondary sexual characters Testosterone does not 
much affect males, but causes ovaries to become tesbs-like, and stimu- 
lates the Wolffian ducts of genehc females OUier androgens, such as 
androsterone, have a feminizing effect as well, and stimulate both the 
Wolffian and Mullenan ducts (182), androsterone also causes botli testes 
and ovanes to become ovotestes 

In mammals, mainly the rat and the opossum, even less effect is seen, 
>vith no sex reversal or even hermaphroditism Secondary masculine 
sexual structures are stimulated by androgens in both sexes, and agam, 
derivatives of both tlie Wolffian and Mullenan ducts may be stimulated 
by androgen m the opossum (97) Gonadectomy of the early opossum 
embryo (182) does not affect development of the reproductive tract, 
but in the rabbit, Jost (139) found failure of Mullenan duct develop 
ment if castration of the male fetus occurred before the 19th day Vanous 
anomalous findings, and tlie absence of any very complete response 
the higher one ascends the vertebrate phylum, make it seem unlikely tliat 
the normal sex hormones are responsible for the embryonic development 
of the gonads or sex tracts There is, in fact, no evidence that, whatever 
“hormone” the early embryomc gonad may secrete, it is testosterone or 
estradiol or a steroid at all 

F Assay 

1 Biological Assay 

Until recently there was an international standard preparation of 
androsterone, of which the specific activity contamed in 0 1 mg consti- 
tuted the mtemahonal unit On exhaustion of this stock, androsterone 
has ceased (or xvill cease) to be a standard, since tlie vanous androgens 
can be made synthetically Androsterone is a common human unnary 
androgen, and was one of the first available in quantity 

Growth of the atrophic comb of the capon was first used as a metliod 
for measuring androgenic activity, and adapted as an assay method by 
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Gallagher and Koch (90) and by Grcem^d ct ^ 

by McGullogh and Guyler (176) and , t muscles, 

groups of capons are injected with oily solutions into jc„gth-plus- 

once a day for 3 to 5 days, and the resulting mere 

height (or over-all shadowgraph area) are measured one d=>y 

this increase is related to dose, or log dose, 

be obtained from which relative potency may be obtame ^ 

methods (73, 85). This type of assay requires 1-2 mg. 

(0.2-0.4 mg. of testosterone) per bird, and might prove to 
many types of inquiry. r 

Very much greater sensitivity is gained by direct apphe 
androgen to the capons comb in an other^vlse similar lest. ^ t. .jj 
then occur to 2r4 pg. of androsterone or testosterone, which the 
much the same weight-for-weight increase. The response is aho 
what more variable, but more birds can be used per group %vi ou 

manding much material. • Vn ^219) 

Responses of the chick comb were investigated by RuzicKa ^ 
and later by many others. The test may be by injection, or more 
by direct application, as above (inunction). The comb is usually weig 
after removal from the chick, and thus unsUmulated controls mus 
used. The treatment period Is also usually longer than Nvith 
comb. The test was exhaustively investigated by Dorfman (57); ' 
concluded that errors \vithin ± 38% could be obtained with 32 c c ^ 
per substance in a 4-point assay (2 groups each on the standard an 
unknown), within the range 2(1-160 pg. of testosterone propionate. 

Assays with mammals are preferred by many workers. Since } 
involve dissection, take more time, and more androgen, they have . 
disadvantages. The methods are reviewed in detail by Dorfman ( /* 

The type of assay evolved by Green and Burrill (95) is typical of mos 
recent preference, being rapid and not too demanding of androgen, 
mature rats, 20-22 days old, are given a single dose of hormone; 48 
later the seminal vesicles are dissected and weighed fresh. The log 
dose-response line is straight over the range 5-50 pg. of testosterone 
propionate; with 40 rats in an assay, the 5% limits of error (within wmc 
95% of all results should fall) are approximately 65-160%. \Vhen 
castrates were used in an odierwise similar test (172), the 5% limits o 
error were 74-136%. Dorfman (60) and Emmens (75) may be con- 
sulted for recent bio-assay methods for steroids in general. 

2. Chemical Assay 

A great deal of attention has been paid, not so much to the cheinic^ 
assay of androgens as such, but to the assay of 17-ketosteroids, which 
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include most androgens and their human urinary metabolites, whetlier 
androgenic or not. However, testosterone itself is not a 17-ketosteroid, 
although most of its metabolites probably are in the human. A correla- 
tion exists between the human urinary content of androgens and 17- 
ketosteroids (33). 

The most common reaction for determining 17-ketosteroids after suit- 
able extraction from the luine is tlie Zimmerman reaction, but many other 
metliods have been investigated. For a general account Dorfman and 
Shipley (63) should be consulted. 

III. Estrogens 

A. Nowial Role at Puherttj and the Breeding Season 

As ^vith the testis, there is no good evidence that the ovary secretes 
steroid hormones prior to the onset of puberty. The human urinary con- 
tent of estrogens is low prior to puberty, and that which occurs can 
reasonably be attributed to products of the adrenal cortex. Again, as in 
the male, the sex tract can respond to estrogens, and the absence of any 
response further argues their lack. 

When significant ovarian secretion commences, it does so in a cyclic 
manner, continuing apart from pregnancy or anestrus until the breeding 
age is past. There is a sudden increase in ovarian size at puberty due to 
secretion of liquor foUiculi, but the full development of estrous cycles is 
a gradual phenomenon, preceded by anovulatory and otherwise incom* 
plete cycles. This characterizes the period of adolescent sterility, during 
which cyclic activity and the overt onset of puberty is accompanied by 
few or no fertile cycles. In the human, this phase may last for several 
years, and the menarche is not synonymous with fertility. Thereafter, 
full sexual maturity is gradually aHained, although most animals are less 
fecund at first. In rodents and pigs, the first litter is smaller than subse- 
quent ones and in sheep, the proportion of singles at tlie first lambing 
is very high (7), 

In some species, the breeding season seems to be more sharply defined 
for tlie female than for the male. Thus, spermatogenesis in Merino rams 
goes on all the year round, but the ewes show a definite breeding sea- 
son, although breeding does not cease completely in tlie free state at an> 
time of year uith good nutrition. 

B. Effects of Ovariectomy 

As with OTchidcctomy, ovariectomy is characterized by regression of> 
or failure to develop, secondary sexual characters. Tlie younger tlie age 
of ovariectomy, the more profound the results are likely to be. Ah 
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vertebrates appear to secrete estrogens, and the J j ^^tract 

are similar in the different classes. Attempts have have 

ovarian hormones from fish (56, 82) and small of itrogenio 

been found. Fish urine contains substances fhus, 

steroids, but their identity has not yet b™" “^h hed (24). 


but men loeuuL;, oj he 

even so far down the vertebrate scale estrogens “f- „s of 
steroids. In the female as in the male, however, steroid este 


sterolub. All in'- — — r» 1 

mammalian or synthetic origin act in fishes 

birds, ovariectomy, besides affecting breeding ^“"o m- 

reproductive tract, may affect the plumage, , , „o of 

vert in many breeds of domesHe fowl to the neutra 
the capon or poularde. Another rather anomalous result m thi 
may be the activation of the right gonadal element, which 
to become an ovotestis or even, in extremely rare cases, a i 
testis. The same result may follow naturally after extensive 

disease. ii. in failure 

In the mammal, spaying of the immature female results m * 
of development of the Fallopian tubes, uterus, vagina and ace / 
glands, of the mammary glands and teats, and of the typical 
formation and fat distribution in many species. Regression toward ^ 
neutral type occurs in postpuberlal gonadectomy. A natural A 

occurs over the somewhat extended period of the menopause m 
human subject, and is accompanied by various regressive changes, 
indicated above, sometimes abo by psychotic disorders. , 

Gonadectomy affects the pituitary gland, which increases in size a 
gonadotropin output, but the size change would appear, in some sp^ 
at least, to be less than is seen with the male ( 116, 117 ) . There is 
particular an increase in FSH activity, again as in the male 
the urinary gonadotropin of postmenopausal women is mainly 1 
in nature. 


nature. 

Mention has been made of the adrenal cortex as a source of estrogen> 
and it is interesting that in old female mouse castrates, sufficient estroget' 
may come from this source to cause activation of the reproductive 
tract (251). 


C. Ejects on the Female Reproductive Organs 
The effect of estrogens on the ovariectomized female rodent in caus- 
ing comification of the vagina has overshadowed their other activities 
to an almost alarming extent Thus, many a compound pronounced tc 
be estrogenic has never been tested except by this one criterion. Tli‘ 
test, fortunately, appears to be very specific. 
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In discussing tlie effects of estrogens, tlierefore, it has to be recalled 
that vaginal comification is not synonymous with the production of true 
estrus or readiness to mate, wliich often depends on die interaction of 
hormones rather dian the effects of any single compound. In the mouse, 
for instance, only very few animals respond to comifying or even 
very much higher doses of estrogen by a simultaneous readiness to accept 
the male. 

Estrogen administered to castrates prevents atrophy of die vagina 
and, if in high enough dosage, causes rodent vaginal comification or 
changes similar to it in other species, thus providing the test referred to 
above, elaborated by Allen and Doisy (4, 5) on the original observations 
of Stoclcard and Papanicolaou (233). A full discussion of the earlier 
work and of the detailed changes seen under estrogenic treatment is 
found in Burrows (29). Glycogen deposition follows estrogen treatment 
(14, 64) and may be responsible via lactic acid production for the 
lowered pH which also occurs (199). The initial response of die vagina 
appears to be mitotic, followed by the development of stratification and 
mucification and finally comification of the inner vaginal layers (those 
layers farthest from the basement membrane) in some species (13). 
These phenomena have been duph'cated in vitro, using slices of mouse 
vagina, and are apparendy independent of blood supply or of other 
hormones (112). 

Tlie early response of the utems is a hyperemia, followed by water 
uptake (8, 45), and then a hypertrophy of botii myometrium and 
endometrium (247). The water uptake reaches a stage of frank edema, 
parHcularly in rodents, but the same sequence of events is seen in all 
species— in normals, castrates, and hypophysectomized animals alike 
(230). A phase of glycogenesis occurs with glycogen deposition (17)— 
an effect which has not yet been produced in vitro— nnd it is interesting 
that glycogen deposition in the primate utems appears to depend on 
progesterone instead. 

AoUvity of the uterus is much affected by estrogen, which causes both 
spontaneous activity and activity resulting from sensitivity' to posterior 
pituitary oxytocin to increase (210). The effects vary to some extent in 
different species, being much more striking in the rabbit and mouse than 
in many others. In these species, both in vivo and in vitro, spontaneous 
contractions and sensitivity to oxytocin increase under estrogenic treat- 
ment. Estrogens also prepare the uterus for die action of progesterone, 
which alone produces little effect. 

Prolonged treatment with estrogens causes various uterine disturb- 
ances, starting with metaplasia and proceeding to pyometra, adenoma, 
and cancer (29). Infertility is naturally a concomitant result, and one 
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which attained economic 

-aTX^ur-htpt”^^ 

the Fallopian'tubes, although, as will he clear 'f “ the X“ on 
companying the estrous cycle are discussed below, a cychc 
tuhal structure and activity occurs. 


The ovary itself is affected, as is the testis, via ‘he p™ . 
Estrogens are much more potent than androgens in 


^ *‘::d other -eri._p« 

They may he used to produce a stale closely resemblmg ^yP P J ^ggct 
if given in sufficient dosage for a period of time. Hmvever, e 


II given Ui sumt-iciii. r TT /irttCN Vtiit OO COD* 

of physiological doses is an apparent release of LH ^ ^ 

linued administration general suppression of both LH^ ana r 
occurs. Again as with androgens, a direct gonadotropic action 
gen itself may be demonstrated in suitable circumstances. 1 » 

liams (246) found that diethylstilbestrol prevents the atrophy 
ovary, which normally follows hypophysectomy in the ii^ature 
rat, and increased the response to gonadotropin (PMS). The wm 
ment did not affect the ovary weight of normal controls. 

Hellbaum ( 197 ) have obtained similar results with a series of es 
A four-fold increase in ovarian weight above controls was l^g. 


diethylstilbestrol in hypophyseclomized rats by Fenebarz 
viewing the influence which estrogen secretion by smaller folhc e 
upon the deflnitive follicle led Allen (4a) to paraphrase, "Tbe mv 
follicle’ truly ‘stands upon the shoulders of its contemporaries. 


Wliile it is possible that pituitary or other gonadotropins 


maintain 


the ovarian follicles by the local production of estrogen, this seems u ^ 
likely, since the greater part of the estrogen produced by 
comes from the follicles themselves, and the situation is not quite 
same as v,ilh the testis, where the interstitial tissue may support tu 
growth. On the other hand, follicular growth in the presence of ex 
systemic estrogen is dcRnitcly inhibited by suppression of the release 
pituitary gonadotropin. ^ 

Tlie effects of estrogens on the mammary gland are dealt 


greater length in Chapter 16. It is sufficient to note here that in mm 


whil® 


species estrogens alone cause mammar}' growth and m’cn lactation. 

In others progesterone and possibly other adrenal steroids are 
for full mammar)' development Follcy’s recent book on the subject ( 
should be consulted for details. 



ROLE OF GONADAL HORMONES 


133 


D. Effects on the Male 

The estrogen output from the adrenal cortex means that, as in the 
female, a balance of androgenic and estrogenic activity normally exists 
in the male, so that he is accustomed to a certain level of estrogenic 
stimulation. In some cases, such as the stallion, whose testes produce 
large amounts of estrogen, the normal male is adapted to a very high 
level indeed. 

Tile general effects of estrogens on males of both lower and higher 
vertebrates are feminization, \vitli suppression of male secondary sexual 
characters and behavior. In the male, as in the female, a state of "chemi- 
cal hypophysectomy” may be achieved ^^dth prolonged dosage. In birds, 
the plumage assumes the female character, and other secondary organs, 
such as the comb and wattles of the cock, regress. “Chemical caponiza- 
tion,” a milder form of the condition mentioned above, may be achieved 
in cockerels or male birds of other species by regulated dosage with 
estrogens. Usually, a pellet is implanted into the neck. 

The male mammal suffers decalcification of the pubic symphysis and 
resultant hernia under prolonged estrogen treatment (30, 93), testicular 
atrophy, and then atrophy of the secondary reproductive tract and 
sterility (241). These effects are reviewed in detail by Emmens and 
Parkes (79). The dosage of estrogen required in any one species to 
cause a particular effect varies \videly; thus, mice are much more resist- 
ant than are rats and rabbits. Varying strains of mice have also been 
studied with reference to hyperplasia of the Leydig cells in the testis. 
This occurs with Strong albino mice quite readily on prolonged dosage 
mdi estrogens (29), but not in other strains, and is another aspect of 
effects on tire pituitary gonadotropin output, which varies in different 
strains and thus causes resultant varying degrees of androgen production 
and protection from the results of estrogen dosage. 

The ejaculate is reduced in volume by treatment witli estrogens. 
Huggins and Clark (134) reported that, in dogs, 0.6 mg. or more per 
day of diethylstilbestrol caused a rapid fall in sperm count and in ejacu- 
late volume to nil or almost nil within a month. Similar effects have 
been reported for boars and men, although wth 4-5 mg. per day ab- 
sorbed from tablets, two Suffolk rams treated by Chang (38) remained 
fertile and rose in sperm production at first. Later, sperm production 
fell below controls and would presumably have fallen further if the ex- 
periment had been continued. 

As indicated above, males and females chronically dosed with estro- 
gen, particularly if from early life, may be rendered not only sterile and 
eunuchoid, but also present a state resembling h^'pophyscctomy. Tliat 
tins is due to a general pituitary suppression may be demonstrated by 
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injecang growth grow*. 


rat. rvith a body weight of about 120 g. and ™ of *e thy- 

- in tact used as a test forjrowdh begone. Even ^^g^ 

no exact 


^d grurb^L;; .ported (I 2 ). so that the .legree « 
popbisectonry” nray be qube a^ancei H— 


rai:mypopi^ys— ed rats tbenrselves 

^ . j ♦Vroi- <»ch-f*ff<»n direc 


‘and there is good evidence that estrogen directly inhibits bone grow 
as well as doing so via the pituitary gland. 

Direct changes in the accessory male t=P™‘^“bve " ® ^ 

low estrogen treatment. Estrogen causes stratification jofes 

the uretlual epithelium (184). museute 8™** has been 

(88). and enlargement of *<= P™=f <1^2; ' i Ls proved 


done in various species, particularly since esttogen hnent has prov 


beneficial in prostatic enlargement or carcinoma It ^ 

Mullerian elements enter into the structure of hssues sho g 
epithelial response, and that the inhibitory effect of estrogen on 
tures arising from the Wolffian ducts is not in disaccord Nvitn 


The mammary gland of the male shows a remarkable 
respond to estrogens, and has been used extensively for stumes o 
effects of these hormones on mammary development (79, 86). 

The normal male is much more resistant to the effects of 
than is the castrate. This is because his androgens protect him from so 
of the effects, and are locally antagonistic to the action of 
Castrates may be protected by injection of androgens simultaneously 
estrogens. Such inhibition requires very much more androgen 


gen. Thus, de Jongh (138) found that about 300 pg. of androstemne 


would inhibit the effects of I pg. of estrone on the prostate gl^n 
rats. Emmens and Bradshaw (76) found that 500 pg. of testosterone 
some other androgens were needed to inhibit the response of spayed 
to 0.12 pg. of estrone. The reverse phenomenon, the inhibition 
androgen by estrogen, occurs with a much more even ratio. Thus, ^ 
comb growth produced in Bromi Leghorn capons by 600 pg. of injecte 
androslcrone could be 50% inhibited by about 2 mg. of estradiol 
totally inhibited by about 10 mg. This is in line \vith the much greater 
amounts of androgenic steroids needed physiologically, as compared 
estrogenic steroids. 

E. Effects on the Embryo 

Tlie cmbiyos of lower vertebrates are more affected by estrogen treat- 
ment than are Uiosc of mammals. In amphibia, estrogens induce ovnin 
development in both sexes (203); in tlie fowl, the same result is seen 
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(even tliough androgens do not, in the fowl, cause full testis develop- 
ment) Thus, Galhen (92) obtained 100% of female newts (Fleurodeles 
■waJdit) by keeping the tadpoles in estradiol benzoate solution (600 
pg/l ), and the adults laid eggs Tlie left testis more readily becomes 
an ovary in the fowl (90), but even tlie right gonads may be feminized 
(49, 50) However, fertility does not seem to have been reported m 
such birds The denvahves of the Mullerian ducts (oviduct, etc ) are 
stimulated and those of the Wolffian ducts are repressed, but, as tlie 
birds grow up, there is a tendency for reversion to a more normal type m 
the genetic males 

In the mammal, attempts to produce feminizabon depend on failure 
to cause abortion or fetal resorption Greene et al (96, 98, 99) injected 
pregnant rats with estrogens on the 13th, 14th, and 15th day of gestation 
and caused varying degrees of male hypospadias, visible nipples at birth, 
and abdommal testis and vagmal development, with mhibition of de- 
velopment of semmal vesicles and prostate, nght vas deferens, scrotum, 
and perns However, m these and many other similar studies, the male 
gonad has never been modified, and, as with treatment of the female 
with androgens, we must conclude that the sex hormones of the adult 
are not the determming factors m embryonal gonadal development m 
the mammal 

F Assatj 

1 Biological Assay 

The international umt of estrogenic activity is that exhibited by 
0 1 Jig of international standard estrone (which approximates to a mouse 
unit of the earher workers ) A second mtemabonal standard is estradiol 
benzoate, of which 0 1 ^ig is also the unit, this is mtended for the assay 
of estenfied substances Both seem due for abohtaon on the same grounds 
as for androsterone 

Cormficahon of the rat or mouse vagina has, as remarked above, come 
to be very nearly synonymous ^vith estrogenic activity Recent reviews 
by Emmens (74, 75) and Dorfman (60) may be consulted for detail? 
A typical Allen-Doisy test (5) employs groups of ovanectomized mice 
which are injected subcutaneously witli an aqueous or oily solution of 
the estrogen under test, normally in companson with a standard Several 
injections are given over a period of 2 days, and vaginal smears are taken 
on the evening of the 3rd da) and several times on the 4tli day Tliesc 
are scored as positive if they contain no leucocytes and many comiGcd 
epitlielnl cells, otheiAvise, as negative Tlie results arc expressed as 
percentages of mice reacting, or as a function of these, and a test employ- 
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As do the other steroids so far considered. 
the gonadotropic output of the pituitary g an . estrogens, 

and the activity seen resemble those of “f tJmoved 

Herlant (123) administered progesterone “i"^’i„n.ature 

the pituitaries at varying periods, and implanted them 
femL. Implants from rats receiving 1 mg daily for / ^ 
ovarian and uterine enlargement greater than m paused 

from rats receiving only 0.5 mg. per day or less at 

no such growth. This is interpreted as an increased ^ P 
first, followed hy suppression. Other investigators have p 
results in long-term tests. prt and 

The eBect of progesterone on the ovary may thus be both ^ 
indirect. Despite Herlanfs finding in short-term P^^S^f^erone « 
is generally agreed that progesterone suppresses ovulation, pr 
by suppressing LH output The earUer work commenced 
(158), who found that extirpation of guinea pig corpora iutea 
early ovulation, and later investigators have found that daily ^ 
progesterone inhibit ovulation and estrus in rats, guinea pig®, 
rabbits (51, 161, 162, 198). 

Cooperation between progesterone and estrogens in producing 
estrus is probably normal, but the exact relationship between t e 
hormones varies from species to species. At one extreme, the rat, mo 
or guinea pig requires an estrogenic stimulus followed by progestero 
produce sexual receptivity; at the other, a relatively long course o p 
gesterone in the ewe is needed before a full response can be ob i 
to estrogen itself (212). This explains the phenomenon of silent 
in that species, since the first estrous cycle of the season does not e 
receptivity in the absence of progesterone pretreatment, but subsequ 
cycles do so because of the preceding corpora lutea. 


B. Normal Role in the Pregnant Female 
In pregnancy, there is essentially a continuation of the progestation 
phase of the estrous cycle. Progesterone is essential for the maintenan 
of pregnancy in all its stages, and its withdrawal is followed by 
tion, abortion, or premature birth. The source of progesterone durmS 


pregnancy varies in different species, being mainly ovarian in the early 


stages and mainly placental in tlie later stages of pregnancy in mo® 
domestic animals. At one extreme, animals like the mouse or gon^ 
vide so little placental progesterone that ovariectomy is followed b)' 
aborUon at all stages of pregnancy’, whereas in tiie mare or fema*® 
primate, at the other extreme, only early removal of tlie ovary’ causes 
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abortion and a fully functional corpus luteum is not present in late 
pregnancy (7). Progesterone injections or corpus luteum extract will 
prolong a normal pregnancy if given when birtli is to be expected (191). 
This depends on the maintenance of a functional placenta by progester- 
one and also on the prevention of responses to estrogen and oxytocin, 
which normally occur at birtli. Thus, in preparing the uterus for im- 
plantation, in maintaining the integrity of tlie placenta and its relation- 
ship with the uterus, and in maintaining uterine growtli (together mth 
estrogen), progesterone plays its role tliroughout pregnancy. 

While the events in the uterus are proceeding, mammary growth also 
occurs. It has been mentioned tliat different species show varying de- 
grees of completeness of mammary development in response to experi- 
mental treatment wth estrogens. In general, it is concluded by FoUey 
(86) that normal mid-pregnant morphology (by which time the greater 
part of mammary growth is complete) is shown only on treatment with 
both estrogen and progesterone, but that three main categories of animal 
exist. The first category includes the domestic ruminants and the guinea 
pig, in which functional mammary glands can be developed by estrogen 
alone. The second includes the rat, rabbit, and cat, in which although 
both duct and alveolar growth can be developed by sufficiently pro- 
longed estrogen treatment, full alveolar growth typically depends on 
progesterone. The last category, represented so far only by the bitch, 
shows little or no mammary development from estrogen alone, not even 
duct development. Even in the first category, it seems certain that 
normal mammary development depends in part on the action of proges- 
terone, and experimentally in cows, combinations of estrogen and pro- 
gesterone give more normal-looking glands than estrogen alone (46) 
and glands which secrete more milk (209). 

C. Assay 

1. Biological Assay 

Tlie assay of progesterone is still in an unsatisfactory stage. This is 
partly because the chemical assay of pregnanediol, an inert excretion 
product of progesterone in human urine, gives a satisfactory index of 
progesterone production in man. Tliere has tlierefore been less pressure 
to develop satisfactory methods for progesterone itself. Tlie response of 
the primed rabbit uterus is employed in the McPhail test (178), and 
provides rough estimates. However, 1—2 mg. of progesterone is needed 
per rabbit. 

Hooker (130) has developed a test depending on hypertrophy of tlie 
stromal nuclei on local administration in the mouse uterus, whicli requires 
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ing a total oE 80-100 mice gives limits of error in the neighhourho 
77-1307,. for 57o fiducial limits of error. sensitive test results 

If the estrogen is given the various natural 

(160) in which, contrary to tlie subcutaneous . potency 

LtroUs and the more potent s^t^t.« arc eftriol or 


estrogens and the more potent synuicui:^ ^ estrone cstriol or 

(72) Thus, approximately 3 X 10" Pg- of cstradio . test, 

fethylsUlbestrol all elicit 507» of posiUvo “-jj^^^sopylcne 

two intravaginal applications in water, saline, or p days; 

glycol or glycerol may be given each on one of “ gus test 

smears are ken about 12 hours earlier than - the 
Not only are various estrogens alike in potency m t ® p rough 

they also appear unaffected by esterification, and t u . sources 

guide to the amount of estrogen in a preparation from natura 
may be obtained readily with an intravaginal test. 

Mote recently, the incidence of vaginal mitosis has been u 
basis of a further, very sensitive intravaginal test (th»^ ^ .j^ance 
about 8 X 10'® pg. of estrone or estradiol is effective, a 
on the intravaginal test as previously carried out. In none 

4 X 10'® pg. is effective on a vaginal slice, under conditions wn 
of the estrogen can escape, and so it seems clear that the mos se 
intravaginal tests are approaching maximal possible jntra* 

indices used. The very liigh sensitivity claimed by Sulman (234 ) 
vaginal tests, although only in special mice, is based on a response s 
as positive if the number of leucocytes in a smear is less than the nu 
of epithelial cells and does not compare directly with the above. 

Another frequently used method for the bio*assay of estrogens i 
increase of uterine weight in rodents. Asrivood’s (8) 6-hour test cp 
on water uptake by the uterus, longer tests such as Aose of Bulbring 
Burn (26) on tissue weight increases. Recent work favors re a v ^ 
short 1- or 2-day tests. The chick oviduct is increasingly used 
convenient as an assay subiect, but requires more hormone per 
. ’ ,j » _i_? nc va 


(60). Neither uterine nor oviducal changes are as specific as vag* 
comification, nor as undisturbed by impurities in extracts. j i, pd 

Bio-assay methods appropriate to long-acting preparations, and o 
on duration of action, are discussed by Diczfalusy et al. (54). 


2. Chemical Assay ^ 

Much recent work has been done on the chemical separation an ^ 
assay of human urinary estrogens, with the result that the three c 
pounds originally thought to be concerned (estrone, estriol, estradi 
can be separated and individually measured ( 52, 53 ) . However, it is 
knowm that other compounds are excreted by the human subject, a 
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more work remains to be done. None of this has great relevance to other 
species, in wliich the urinary estrogens or their derivatives may be quite 
different. In the urine of the mare, for e.xample, a series typified by equi- 
linin and equilin (Fig. 3) is excreted, with different chemical properties. 

Estimation, once chemical separation has been made, is still usually 
performed by one modification or another of the Kober reaction (144) 
or by fluorimetry. The Kober estimation is performed colorimetrically, 
and is sensitive to as little as 0.1 pg. of a typical estrogen, but the fluori- 
metric method appears to be about 10 times as sensitive (22, 84). A 
number of odier chemical and physical methods has also been tried. 

IV. Pbogesterone 

A. Normal Role in the Nonpregnant Female 

The main source of progesterone in the nonpregnant female is the 
corpus luteum, which develops cyclically in the ovary and releases pro- 
gesterone for a period that varies in different species. Progesterone is 
normally released in quantity after a period of estrogenic stimulation, 
and many of its effects are not developed unless the animal has been 
“primed” with estrogen in this manner. This hormone has been little 
investigated as regards its action on the male or on the embryo, but in 
general it acts rather like an androgen. 

In the adult female, progesterone causes vaginal mucification, the 
characteristic progestational phase of the estrous cycle shows a stratified, 
mucus-saturated epithelium. Ovulation and estnis are suppressed (195). 
Responses to estrogen are themselves suppressed, even 2 mg. of estrone 
per day may fail to cause comification in the rat in the presence of 
corpora lutea of pregnancy. This has been shown to be due to the 
progesterone produced by the corpus luteum; thus, Selye et al. (224) 
found that 400 pg. of progesterone abolishes tlie rat’s response to 30 pg. 
of estrone, the animals showing only mucification of the vagina. 

'The outstanding effects of progesterone are seen on the uterus. After 
a certain amount of response to estrogen, the uterus is in a state to under- 
go proliferation under the influence of progesterone, which particularly 
affects the endometrium. It greatly enlarges, and the tubular glands in- 
crease in deptli and tortuosity. Uterine mob'lity is decreased and the 
response of tlie uterus to estrogen and to oxytocin from the posterior 
pituitary gland is decreased or abolished (153, 213). A typical reaction 
seen only in rodents and primates, tlie deciduoma reaction, develops as 
a response to foreign body stimulation of the endometrium. This is 
normally clieited by the nidating ovum, or experimentally by slight in- 
pirics to the endometrium (157), A nodule of decidual Ussue forms, 
which encloses the maim in the course of implantation. 
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as little as 0.0002 ng. of progesterone P“ test or 

ovariectomized and used after 16 days, ^ -^rtrnpnt and the effect 
control solution is placed in a ligated uterine S , investigated 
assessed 2 days later. The test has never been J -.gj mO). 

and false negatives have been reported in the presence o 

2. Chemical Assay ^sU- 

Some promising chemical rnethods have a polarogra- 

mation of progesterone in blood. Apart from a met g , _tion 

phic estimatiL (32). other methods rely on the f f fg 

hand neat 240 mp characteristic of oP-unsaturated keto ; ’ the 

253, 254) j a recently proposed technique estimates proges . ^gomix 
isonicotinic acid hydrazone which has an absorption , jg de- 

(232). The reliability of these relatively nonspecific m . 

pendent on the purification of extracts free of related comp 
interfering substances before the estimations are carried out. 


V. The Estrous Cycix 
A. General Considerations 

The nonbreeding or resting season in the mammalian em ^ 
referred to as the anestrous period or anestrus (often by 

of variable length, often occupying most of the year. U is rol 
the breeding season, when one or more estrous cycles occur, w 
divided up into the following phases (assuming no pregnancy to ° y, 

1. Procsfrns is the start of the cycle, with a predominance o ^ 
lation by pituitary FSH, the growth of ovarian follicles, and the me 
ing secretion of estrogens, possibly together with progesterone, 
vagina and uterus grow and become hyperemic. , 

2. Estrus is the period of sexual receptivity, during which ovu ^ 
typically occurs and the corpus luteum starts to form. It is marKe^ j 
greater proportion of LH from the pituitary gland and a lowering 
estrogen output when the follicle has ruptured. 

3. Metestrus is the postovulalory phase, during which the 
luteum may function for a varying period of time in different spe 
presumably depending on the lime for which the pituitary gland puts 
lulcotropin, probably identical with prolactin. There is a decline 
estrogen output (in the human, another brief peak) and an increase 
progesterone secretion in most domestic species. 

•k DJerfms is Uic period of relative quiescence before another ^ 
occurs. It is usually short in duration in polycyclic animals (i-e-» 
liavlng reairring cj'clcs). Howwcr, some authors define diestrus as 
abhrcN-ialed pseudopregnancj’, including the luteal phase in it 
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This terminology was proposed by Heape (119) and is still most 
commonly employed today. However, Heape called it tlie diestrous 
cycle, whereas estrous cycle is now the commoner term. A very full dis- 
cussion ^viIl be found in Asdell (7) and in Eckstein and Zuckerman (66). 

In consequence of the typical activity exhibited, the proestrous period 
is often referred to as the follicular phase and the metestrous (and/or 
diestrous) period as tlie luteal phase. As will be seen from earlier parts 
of this chapter, the basis of the estrous cycle is a pituitary gland rhythm. 
There is, however, a series of interactions between £he ovaries and 
pituitary gland, which reinforce the pituitary rhythm and perhaps modify 
it, even in the nonpregnant animal. Estrogen from the growing follicles 
may cause the accelerated release of LH and suppression of FSH; pro- 
gesterone from the corpus luteum may, as discussed above, at first re- 
inforce this action but later cause suppression of LH release, thus helping 
to initiate a further cycle. The length of life of the corpus luteum is also 
dependent on luteotropin, about the release or suppression of which com- 
paratively little is known. 

It is most generally thought that FSH alone (if indeed FSH can 
exist alone) does not cause the release of estrogens from the ovary. (In 
the hypophysectomized cock, FSH causes testicular enlargement but no 
comb growth and thus no androgen release.) It must be supposed tliat 
during follicular maturation an increasing amount of LH is also released 
from the pituitary gland, even if accompanied by increasing amounts of 
FSH as well. Then, after ovulation, which may be supposed to occur 
when the proportion or absolute level of LH exceeds a certain tlireshold, 
the circulating LH drops. It is possible that the level of FSH remains 
constant. The third pituitary gonadotropin, luteotropin, then may or may 
not act for a varying period, and cause prolongation of die life of tlie 
corpus luteum. It is also now most generally thought that LH, although 
If diggers the formation of the corpus luteum, is not responsible for 
progesterone production, at any rate in the absence of luteotropin. 

If copulation occurs, it may modify tlie course of events, eitlier by 
causing pseudopregnancy in some species or by causing pregnancy. 
Pseudopregnancy, seen especially well in tlie rabbit or bitch, is, as its 
name suggests, a prolonged period resembling pregnancy and accom- 
panied by a number of changes in tlie reproductive tract and even in 
the behavior of the female. It is characterized by a prolongation of life 
of the corpus luteum and suppression for a period of further estrous 
cycles. It may be followed by estrous cycles, or by anestrus. Pregnancy 
is accompanied by the same events in tlie earlier stages as occur in 
pscudoprcgnancy, but tlie presence of a growing embryo and its ap- 
pendages, particularly the placenta, soon causes other and different 
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events. Both, however, have in common the prolonged 5 „(,„ 

suppression of estrous cycles and usually of o\'ulation. ^ P , . . .t.:« 
of pseudopregnancy is of importance in appreciating 
between different types of estrous cycles. 


the relationship 


Ct/clic Changes in the Female ncproductivc Organs 


Accounts of the cytology and development of the o\^ in 
will be found in Wilson (248) and Brambell (M).^ in diameter, 


imah 


oocyte contains little yolk and typically reaches only 0.1 mm. i- 
but lies in a ripe follicle of considerably larger corle* 


follicle approaches maturity, it rises to the surface of the 


and protrudes from its surface, thus giving tlie appearance of 
rapid growth than is the case. The antrum develops nftcr the ^ 


reached its maximal size, when the follicle is still only about 


in diameter in different species (21). On antrum formation, 


the follicle 


falls under the influence of gonadotropins, but development to tliat stag 


proceeds without them. Distention of the follicle follows from tn 


tion of liquor foUiculi, which in the mature follicle is very viscous , 
flows from the follicle for some time on ovulation, and then 
(245). The size of the follicle at maturity varies from about ■ 

3.0 cm. in diameter, in different species, the larger follicles 
in larger mammals (20). When the follicles mature, the secretion 
estrogen is about maximal, and this marks the termination of proes 
in most mammals. 

Growth of the follicle prior to ovulation is very rapid, and the p 
nomenon of ovulation itself appears to be simple rupture as a con ^ 
quence of increasing pressure, but opinions vary. There is a 
number of ripe follicles at each estrus-one in man or the mare, 


rodents or other animals bearing large litters. There may, however. 


be 


w. liners, ixieie ma/, 

tremendous wastage; the record is apparently held by Elephanfulus, 
which about 60 ova are liberated from each ovary but only rivo can sur- 


vive (131). After ovulation, and the passing of the estrous 

r -f A, . 1. frOlH 


metestrus is characterized by the formation of the corpus luteum 
•the wall of the follicle. Harrison (113) has fairly recently reviewed tn 
literature on the corpus luteum very thoroughly. The fully formed organ 
consists of the large, yellow, luteal opAU in n fmTnm^nrV nf blood vessels- 


large, yellow, luteal cells, in a framework of blood > 
Apparently, similar bodies are seen in lower vertebrates, such as elasmO' 
branch fishes, amphibia, and reptiles, but in most groups they regms 
from the start. Only in mammals is an endocrine function certain, an 
in some of these regression is prompt. As mentioned above, the corp^^ 
luteum persists in different spedes for a varying time, depending o” 
die particular mammal and on other factors, such as pseudopregnanc)% 
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pregnancy, and lactation. Thus, in the rat (159) in a normal estrous 
cycle, the corpora lutea show signs of regression at the time of onset of 
the next estrous period. Those formed after a sterile mating look the 
same at first, hut the onset both of regression and of the next estrus is 
delayed for about 13 days. Those formed in pregnancy last correspond- 
ingly longer. However, even the short-lived corpora lutea of the unmated 
rat are visible as degenerating structures for several subsequent cycles, 
and it is the time for which the organ is actively secreting which 
determines the length of the metestrous phase. Details of the course of 
events in various species may be gathered from Asdell (7) and Bram- 
bell (20). 

The changes in the accessory reproduc tive organs at various stages of 
the estrous cycle are reviewed by Asdell (7) and by~ Eckstein and Zucker- 
man (67). Vulval and vaginal changes vary according to species, and 
no domestic animal shows quite the sharp pattern obtainable by vaginal 
smear from the laboratory rodents. In the rat or mouse, the diestrous 
smear is full of leucocytes, with perhaps a few nucleated or even comified 
epithelial cells, and a little mucus. At proestrus, the leucocytes disappear 
and the smear consists of masses of at first nucleated and then non- 
nucleated, comified, epithelial cells. In late estrus, leucocytes commence 
to infiltrate the smear again, and during metestrus and early diestrus, 
they invade in large quantities [see Hartman (114) for a recent account]. 

A well-defined cycle occurs in the vagina of the bitch, with stratifica- 
tion and perhaps coraification at estras (6, 80); leucocytic infiltration 
follows. In the cow, the vaginal mucous membrane undergoes some 
changes, particularly near to the cervix, but smears show little or nothing; 
mucus secretion is, however, characteristic of heat. In the ewe, also, the 
vaginal smear shows no such marked changes as in the rodent, although 
according to some authorities sufficient is seen to diagnose the stage of 
the cycle (42). 

Uterine c hanges in rodents are very pronounced. During proestrus 
the uterine horns become distended rvitli secretion and the epithelium 
becomes cuboidal. Ashvood’s test (8) based on the water uptake has 
already been mentioned. At early estrus, tlie water content falls abruptly 
and there is a weight drop. Tlien there is epithelial degeneration con- 
tinuing into late metestrus. Proestrus in the bitch is characterized by 
intense h)pcremia svith bleeding from subepithelial capillaries (80), 
but no such great water uptake and loss as in the rodent. There is, how- 
ever, edema, continued into estrus. A rather later (estrous) bleeding of 
a similar nature is seen in the cow. No bleeding occurs in the ewe, and 
much mucus production is seen at all stages (42), but the early uterine 
changes otherwise resemble tliose in other species. The biggest species 
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difference occurs in the metestrous plus dicslrous period, jg 

of functional life of the corpus lutcum detcrmmes 
almost no luteal phase or a phase of utenne, particularly ^ 

growth. This is minimal in rodents like the rat, lasts for J; Mil); 

mare, with the epithelium highest 2 days after the end o le. 
for about a week in the ewe, which shows growth and coi 
endometrial glands (177), and for about 2 weeks in the cow wn 
respondingly greater development (48). 

In the cat and dog, the pseudopregnant luteal phase lasts or a 
a month, so that in the normal bitch (but only the mated cat) 
extreme luteal development may occur. In general, changes in ® 
lopian tubes reflect those in the uterus to a certain degree, being . 
as more definite in the ewe than those in other parts of the tract ( / 


C. Factors Affecting the Type of Estrous Cycle 
There are three main types of estrous cycle seen in the laboratory 
and domestic animals: . 

1. Short 47-6 day cycles occur in rats and mice if no 
permitted. These seem to be almost purely follicular in nature, 
little secretory activity of the corpus luteum. However, if sterile 
occurs, pseudopregnancy results and lasts for about 2 weeks, d e 
which progestational activity of the corpus luteum is 
stimulus of sterile mating can be copied by mechanical stimulation ( 
or electrical stimulation (229) and a variety of other procedures. ^ 

2. Longer cycles of 16 or more days characterize the majority 
domestic mammals and resemble the pseudopregnant rat cycle in ^ 
ways. Such species do not require an additional stimulus to 
fully functional corpora lutea, and sterile copulation does not modify t" 
length of the estrous cycle. 

3. Some species, such as the ferret and rabbit, and almost certainly 
the cat, do not ovulate without a mating stimulus, and the estrous eye' 
halts at estrus for a considerable period in the absence of copulaUO^ 
(about 2-4 weeks is seemingly typical). Coitus is followed 
days by ovulation and by pseudopregnancy, with an active corpus 
of considerable duration. In the cat, cervical stimulation may probably 
be substituted for actual coitus (101). If no coitus occurs, the cat 
lapses into a quiescent state, to pass after a period of 2-3 weeks in^ 
another heat period. A considerable amount of work has been done 
tiic rabbit, in determining the relationships between coitus, the 
of gonadotropin from the pituitary gland, and ovulation. Fee and Parses 
(81) showed that removal of the gland within an hour of copulation 
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prevents ovulation, but that delay in hypophysectomy beyond tliat time 
is ineffective in so doing. In the rabbit, ovulation occurs about lOyi 
hours after copulation, or after die injection of suitable gonadotropins 
(124). A smnmary of knowledge of the mechanism by which copulation 
causes the release of gonadotropin may be sought in Eckstein and 
Zuckerman (66). 

It seems clear that these three cycle types depend primarily on the 
release of pituitary gonadotropins. The third rabbit-type cycle, com- 
pleted only on demonstrable release of gonadotropin at copulation, is not 
in question. We are left to suppose, however, that the degree to which 
the corpus luteum is active after ovulation depends on the degree of 
prolactin secretion. Thus, in the first type of cycle, as in the rat, little 
or no prolactin is released unless copulation occurs, whereas in the sec- 
ond type this release regularly occurs. In natural circumstances, there- 
fore, the three cycle types include three different ways of reacting to 
copulation. The normal release of LH (or LH and FSH) but of prolactin 
only at copulation produces a type 1 cycle; the release of both LH and 
prolactin wth or without copulation produces a second type of cycle and 
the release of neither LH nor presumably of prolactin without copulation 
produces a third type of cycle. All this on the assumption that prolactin 
is luteotropin. 

Type 2 cycles themselves show a considerable variation, indicating 
differences in the typical period during which the pituitary gland releases 
various types of gonadotropin and probably ako in the sensitivity of 
the female tract and the possible development of refractoriness to con- 
tinued estrogenic stimulation. Anterior pituitary FSH activity is highest 
in man, dien come the horse, pig, sheep, and cattle in that order, which is 
the same order as the duration of tiie heat period. The threshold to 
estrogens is also highest in man and lowest in cattle, and so differences in 
the pituitary FSH output tend to be minimized to some extent, but not 
entirely. The very low threshold and the development of refractoriness 
in tlie cow is thought by some to be responsible for heat ceasing before 
ovulation— i.e., when estrogen is still high (7). The corpus luteum usually 
lasts for about 2 weeks, although it functions in some species for a much 
shorter time (2-3 days in tlie mare). The decline of the corpus luteum 
may overlap tlie growth of new follicles and so type 2 cycles may last 
from an average of about 17 days in tlie ewe to the 21 days more typical 
of other domestic species, such as the cow, mare, or pig. 
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A. AVUHtlli WMl* — ^ j 

Tlie biochemisti)- and physiology of rclaxin have been „ 

two recent reviews (89, 127). Relaxin is a substance o p 
polypeptide nature, capable of relaxing the pelvic tissues 
species after prior sensitization with estrogen. Relaxation in 
guinea pig when given progesterone is due to the formation o 
in the reproductive tract itself. There also seems to be a 
related substances, probably very close to rclaxin in constitution, 
may copy one action or another of rclaxin itself. elaxin 

Hisaw and his colleagues have concentrated particularly on r 
in the guinea pig, and in tlie most recent review quoted ^ 
carefully define the relaxin they are discussing as the hormone pro 
effects in that species. It is possible to separate that activity, to s 
extent, from a similar activity in the mouse. , 

Relaxin has been found in the blood, placenta, and repro 
organs of mammals, and the ovary, uterus, and placenta have been 
gested as sites of formation (125, 127). Castrated pregnant 
relax normally and show a normal blood concentration of relaxm^ t ’ 
180). The placenta also contains more relaxin than the uterus 
rabbit, suggesting the former as the source of hormone. On the o 
hand, Hall and Newton (105) believe that in the mouse the P 
acts by stimulating the ovary to produce relaxin. The ovary of ^ 
pregnant sow contains vast quantities of the hormone (3, 126) 
would seem to be little doubt as to its formation in the corpora 
There would thus seem to be species differences resembling others ^ 
with in endocrine research; in some mammals the ovary while in o ® 
the placenta appears to he the main site of relaxin production. Rela-x^ 
has been reported in tissues from tiie sow, guinea pig, rabbit, hurnao, 
dog, cat, mare, and even the chichen. 


VI. Relaxin 
Nahirc and Dlsirihution 


B. Pfiysiologfcal Action 

Relaxation of the human pelvic articulations in pregnancy and 
tion was described by Snelling (231), and has been recorded by 0 ^^ 
authors in the guinea pig, mouse, dog, mole, cow, ewe, seal, and pocKC 
gopher. Only the guinea pig and mouse have been studied in any deiai 
Early studies with the guinea pig by Hisaw and his colleagues were 
considerably clouded by the fact that estrogen and combinations ot 
estrogen and progesterone can cause pelvic relaxation. They showed, 
however, that the castrated guinea pig sensitized by prior estrogen treat- 
ment responds to relaxin preparations, and the studies were confirmed by 
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others (1, 25) Hisaw and Ins colleagues then showed tliat relaxin causes 
relaxation within 6 hours, while progesterone takes 72 to 96 hours and 
was only effective in animals ^vldl a uterus Finally it was shown that 
progesterone can act by causing the formation of relaxan in the uterus, 
and that very potent relaxin extracts may have no steroid action 

Relaxation with estrogen in the gumea pig causes a resorption of 
bone, prohferation of loose fibrous bssue, that ^vlth relaxTn causes a 
sphtting of the collagenous fibers mto thin threads and a breakdown of 
glycoproteins Progesterone causes the same phenomena as does relaxin 
(127) In the mouse, treatment with estrogen causes pubic separation, 
^vlth the formation of a gap 2-3 mm long, occupied by an mterpubic 
hgament Relaxm causes a separahon more rapidly, which reaches some- 
tlung hke twice the dimensions of that caused by estrogen In the estro- 
gemzed mouse, progesterone does not cause pubic separation (104, 105) 

Relaxin has other actions than relaxation, surveyed in the reviews 
quoted above It appears to synergize ^vlth estrogen and progesterone in 
the rat m causing mammary growdi, it has an anbdiuretic action in the 
rabbit, it inhibits the deciduoma reacbon of the rat uterus, and the 
rhythmic contracbons of the uterus in guinea pigs and rats It also 
seems to cause a pregnancy anemia in rabbits, an erythrocyte and 
hematocrit drop of about 33%, and a nse m rebculocytes 

C Assay of Relaxin 

Hisaw and his associates prefer to assay relaxin by the manual palpa- 
bon of casbated, esbogen pnmed guinea pigs 6 hours after mjecbon 
A "total response” is calculated as the product of the percentage of 
animals responding mulbplied by the average degree of response, this 
IS clearly the same as the total of all responses divided by the group 
number The mouse test of Hall and Newton (103, 104) uses Xray 
photographs of the pubic bones, from which their separabon can be 
measured Talmage and Hurst (235) find an exponenfaal relationship 
between dose and response using a similar technique m the guinea pig, 
while Dorfman ct al (62) and Kliman et al (142) have performed 
reasonably precise tests with the mouse X ray technique 
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I. iNTT-ODUCnON 

Optimal reproductive activity would be expected to 
when there is a proper balance of secretory activi y of the 

glands. Of greatest importance are the gonadotrop j 

pituitary and the hormones of the ovary p^ent 

function can only occur in an othersvise normal „,ay 

chapter is concerned with those hormones hpppones 

directly or indirectly influence the secretion rate of the . ^ of 

or may so modify the animal metabolism that the normal functio 
the above hormones are impaired. ^ 

0£ these hormones, the role of thyroxine in reproduction 
most extensively studied. The great interest in thyroxme is au 
influence in energy metabolism at the cell level. ^ 

The hormones of the adrenal cortex are of vital , j.tion 

survival of the animal. Aether they have specific roles in re^ 
other than their general properties of maintenance or no 
function awaits further study. i v im* 

The hormones of the parathyroid gland and pancreas also P 
portant roles in maintaining normal body function, but mo^ 
roles in reproduction are ill*defined. In a similar category ^ ® ye- 

hormone (somatotropin) of the anterior pituitary in relation 

production. ^ rtance. 

The role of relaxin in reproduction is of fundamental impo ^ 
Whether this hormone should be considered an ovarian 
addition to estrogen and progesterone, or a hormone of pregnancy 
is stimulated to secretion by the synergism of estrogen and proges 
in the reproductive tract is being investigated. That relaxin p 
important role in the maintenance of pregnancy and in the prep 
of the birth canal for the expulsion of the fetus has been indicate • 

The posterior pituitary hormone, oxytocin, has recently 
to have three important functions in reproduction. First, it aids, ^ 
rapid transport of semen toward the descending ovum following ^ 
second, it plays the role in the expulsion of the fetus at the 
parturition and, finally, causes the “let-down” of milk in the mamiTi 
gland. 

The present chapter is primarily concerned with the role of 
thyroid and adrenal glands in reproduction. 
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11. Kole of Thyroid Gland and Thyroxine in Reproduction 

The role of the thyroid gland and tliyroxine in the reproductive 
process has been studied for many years. That thyroid gland function 
is important has been sho\vn in many experiments, both by thyroidec- 
tomy and blockage of tliyroxine secretion by the goitrogens to produce 
a hypothyroid state, and by tlie injection of thyroxine or the feeding of 
thyroprotein to produce mild hyperthyroidism. 

While the general effects of hypo- and hyperfunction upon reproduc- 
tion are generally recognized, the precise role of thyroxine in the process 
is more difficult to pinpoint. This is probably due to the very general 
effect of thyroxine upon the metabolism of the animal as well as the 
specific effects upon the secretory activity of many endocrine glands. 
Thyroxine might specifically influence tlie secretion of the gonadotropic 
hormones, it might influence the functional activity of the gonads in 
synergism with the gonadotropins, and it might influence the mainte- 
nance of pregnancy and lactation. 

Maqsood (70) reviewed the literature concerning the role of the 
thyroid in relation to reproduction of mammals and birds. 

In relating thyroxine secretion to reproductive efficiency, it is im- 
portant to consider the effect of both hypo- and hypersecretion. ' 

A. Effects of Endemic Goiter 

Since thyroid hormone contains iodine, deficiencies of this element in 
the feed and water may cause deficiencies in thyro.xine secretion rate 
and enlargement of the thyroid glands (goiter). Simple goiter has ap- 
peared in domestic animals, such as horses, cattle, sheep, goats, and 
pigs in many parts of the world where iodine deficiencies occur. In pigs, 
symptoms are hairlessness, big neck, stillbirth, or pigs weak at birth. In 
foals, deformation of joints and bones, stillbirth, or weakness occurs. 
In calves, tlie chief symptom is weakness or death at birtli. In lambs 
and kids, big neck, weakness, or stillbirth occurs along ivith wool or 
hair deficiencies. 

The general use of iodized salt in goitrous areas has corrected iodine 
deficiencies as a cause of tliyroxine deficiencies; however, these observa- 
tions are of interest in indicating reproductive problems related to tliy- 
roxine deficiencies. 

B. Experimental Hypo- and Hyperthyroidism 
By tlie technique of surgical thyroidectomy or graded levels of 
goitrogens, the influence of hjqiothyroidism upon the reproductive 
process may be studied satisfactorily. The problem of the study of 
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hyperthyroidism is far more complicated, however, and 
the results reported in respect to the effect on repro thyroid 

must be re-examined in the light of current Imow e g .^ine 

physiology. There are two fundamental factors 


ors -V , 

secretion rate: (1) genetic-endocrine variability, and (2) 
variability, of which ambient temperature and nutrition are 


^ How should hyperthyroidism be defined? Is it a level of 

««rtMlaHnn of animals, u» 


in excess of the mean secretion rate of a given population 
in excess of the highest genetic potential secretion of indivi u 
mals? At elevated temperatures, by either definition, the eg^ 


hyperthyroidism would changel vithout 

In the past, studies of hyperthyroidism were conducted ' 
knowledge of the parameters of thyroid gland in- 


studied. In many of these experiments, the amount 


amouiu . 

jected or the amount of desiccated thyroid or thyroprotein fe pf 


exceeded any of these criteria of hyperthyroidism. Since overdos 
thyroxine, as with other stress effects, stimulates the secretion 
adrenocorticotropic hormone ( ACTH ) and in turn the secretion ° 
adrenal cortical hormones, such experiments are not measures ot yp 
thyroidism but of the effect of stress-induced adrenal cortical honn 
secretion on reproduction (123). '4'cin 

It is suggested that future studies of the effect of h)^erthyroi 
upon reproduction be related to the mean thyroxine secretion rate o 
species or strains of animals being studied or to the highest 
potential secretion rate. As an example, it was reported by Ward ( _ 
that mice %vith a mean daily thyroxine secretion rate of 5.5 pg* thyroxin 


100 g. body weight had normal conception and litter size when 

^ -• - ^ administered. 


much as four times the mean thyroxine secretion rate was .. 

Levels of thyroxine above this range would be expected to gradua ) 
merge into a stress phenomenon. 


thy- 


Considerable data arc now available concerning the average 
roxino secretion rate of experimental and domestic animals develop^^ 


^ lomestic animaxi uw-- * , 

by the goitrogen technique (12, 13. 96), and by the recently develops 
methods employing radioactive iodine (14, 52, 81, 82, 83, 88). "Dos^h^ 
ranges of th>Toxine in such studies can now be related to the rn^a 
secretion rate or to the range in secretion rate under controlled 
mental conditions. 


C. Vnrwilfon in Thxjroj^nc Secretion 
Under uniform conditions of ambient temperature and nutritio*^’ 
the ihjToxinc secretion rate of individual animals varies constdera ) 
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due to genetic-endocrine differences. In the case of dairy cattle the 
daily secretion rate of cows during tlie winter months varied from 2 mg. 
to 10 mg. thyroxine/1000 lb, body weight (85). W^en the secretion 
rates of high-producing cows are measured, it is quite probable that 
cows secreting as high as 15 mg. thyroxine/day or more ^vill be found, 
since the cows included in tlie present study were relatively low pro- 
ducers. The mean daily thyroxine secretion rate was 5.6 mg./lOOO lb. 
body weight. Considering a range of 2 mg. to 15 mg. thyroxine/day/1000 
lb., the mean thyroxine secretion rate might be expected to be about 
7 or 8 mg./day in a large population of dairy cattle. 

Thyroprotein is an iodinated casein which contains 1% thyroxine. 
In our laboratory it has been found that the thyroxine contained is 10% 
as effective orally in cattle as when thyro.xine is injected subcutaneously. 
Thus, 1 mg. of thyroxine injected has the same biological activity as 1 
g. of thyroprotein when fed. It is recommended that dairy cattle be fed 
15 g, of thyroprotein/day/IOOQ lb. body weight. It wiU be seen that 
this amount of thyroprotein equals the estimated thyroxine secretion 
of high-producing cows. It is between two and three times the average 
thyroxine secretion of cattle. When this amount of thyroprotein is fed, 
it brings up the effective level of circulating thyroxine to the level of 
those cows which have received an inheritance for optimal amounts 
of thyroxine secretion. When thyroprotein is fed in an amount equal to 
the cow’s thyroxine secretion rate, endogenous thyroxine secretion is 
depressed so that the cow is totally dependent upon the tliyroxine 
contained in the thyroprotein. 

The presence of cows \vith low inherited tliyroxine secretion rates 
raises the question as to their reproductive efBciency. May not the low 
thyroxine secretion rate influence their capacity to conceive? Some evi- 
dence of this influence will be presented later. The method of determin- 
ing thyroxine secretion rate provides a fine tool for the study of this 
problem. It may be possible to show that cows with low inherited thy- 
roxine secretion conceive with greater difBcuIty. 

D. Seasonal Variation in Thyroxine Secretion 
Indirect evidence has been presented over the years indicating that 
tliyroid function is depressed as ambient temperature is increased. In 
a cold environment, with adequate nutritional conditions, the full poten- 
tial inheritance for tlijTo.xine secretion was tliought to be expressed. 
As the ambient temperature increased, tlie secreb'on of tliyroxine was 
believed to be depressed gradually. With the development of improved 
methods of determining thyroid function, the influence of ambient or 
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seasonal changes upon thyroxine secretion have secretion 

Reineke and Turner (91) showed that the “''‘='’^8 ^ j ^vinter. 

ot young chicks during the summer was only one-half that 
HeLem^n at d. (52) recenUy reported a 4-fold 

roxine secretion rate of sheep during the snrnmer “ in 

the winter, and Premachandra et al. (84) reported a 



heifers and cows during the summer months. Under Missouri c 
conditions, a regular cj'cle of thyroxine secretion rate in relation to 
bient temperature changes was observed (Figs. 1 and 2). 

Tlio seasonal changes in thyroxine secretion rate, espedH*y 
marked reduction during the summer months, would tend to inuuc 
the reproductive process to Ute extent that hypot^Toidism affect 
production. _ 

With this introduction, let us now turn to a revimv of the litcra ' 
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concerned vvitli the more specific effects of hypo- and hyperthyroidism 
upon the reproductive process. 

E. Fitiiitarij Gonadotropins 

Reports of tlie influence of hypothyroidism upon the secretion of the 
gonadotropic hormones has been variable. Although some contradictory 
reports exist in the earlier literature (89) and differentiation of the 
effect upon FSH and LH was not studied, the majority of the investiga- 
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Tig. 2. The individual estimations oF thyroxine secretion rates oF cattle indici^te 
a 10-fold variation in winter. This variation is believed to reflect primarily genetic 
differences in thyroid function. The 4-foId variation in thyroxine secretion rate 
summer reflects the important influence of ambient temperature on thyroid function. 

tors reported reduced concentration of these hormones in thyroidecto* 
mized or goitrogen-treated animals. Atalla and Reinehe (6) fed mice 
0.1% thiouracil or 0.005 to 0.2% tliyroprotein. All groups fed thyrO- 
protein showed earlier opening of die vagina and onset of estrous cycles. 
They concluded that hyperthyroid mice secrete increased luteinizirig 
hormone (LH), while in hypothyroidism follicle-stimulating hormoi’c 
predominates. Indirect evidence concerning the reduced sexual activity 
in both male and female cattle would support the thesis of reduced LH 
secretion. 

F. Response of Gonadotropins 

A number of studies have been reported concerning tlie effect 0^ 
h)’po- and hypertliyroidism upon tlie response of gonadotropins in irt^* 
mature animals. Tlie earlier studies are reviewed by’ Mcites and Chand" 
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seasonal changes upon thyroxine secretion have been determined. 
Reineke and Turner (91) showed that the average thyroxine secretion 
of young chicks during the summer was only one-half that of the winter. 
Ilenncman et al. (52) recently reported a 4-fold reduction in the thy- 
roxine secretion rate of sheep during the summer as contrasted with 
the winter, and Premachandra et al (84) reported a 3-fold reduction in 



summer monllu. Under Missouri climatic 

tZ, '«'uUon rate in relation to am- 

lilem lemperatiirc ckmges was observed (Figs. 1 and 21. 

^le seasonal clianges in tln-rorinc secretion rate rancciallv the 
maslnl rejluctson during the summer months, svould lend m InBucncc 

VVlih this l„tn,h,cli,m. let us nmv tun, to a resiesv ct the literature 
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concerned widi the more specific effects of hypo- and hyperthyroidism 
upon the reproductive process. 

E. Pitiiitaty Gonadotropins 

Reports of the influence of hypothyroidism upon the secretion of the 
gonadotropic hormones has been variable. Although some contradictory 
reports exist in the earlier literature (89) and differentiation of the 
effect upon FSH and LH was not studied, the majority of the fnvestiga- 
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Flc. 2. The individual estimations of thyroainc secretion rates of cattle indieatc 
a 10-fold variation in winter. This variaUon is beh’eved to refleet primarily genetic 
diifcrcnecs in thyroid funetion. The 4-fold variation in Uiyroaine secretion rate in 
summer reflects the important influence of ambient temperature on thyroid funeUon. 

tors reported reduced concentration of these hormones in thyroidccto- 
mized or goitrogen-treated animals. Atalla and Reinefce (6) fed mice 
0.1% thiouracil or 0.003 to 0.2% tliyroprotein. All groups fed tliyro- 
protein showed earlier opening of tlic vagina and onset of cstrous cycles. 
Tlicy concluded lliat lij'pertliyTOid mice secrete incre.Tsed luteinizing 
hormone (LH), while in hypothjToidism follide-stimulating hormone 
predominates. Indirect evidence concerning the reduced sexual nctiWty 
in both male and female cattle would support the thesis of reduced LH 
secretion. 

F. licsponsc of Gonadotropins 

A number of studies have been rcportcrl concerning the effect of 
hypo- and lijpcrthyToidism upon the response of gonadotropins in im- 
nialure animals. The earlier .studies arc review e<l by Meiles and Ch.ind- 
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rashaker (74) in reference to male gonad response. A constant amount 
of equine gonadotropin was administered to immature male rats in which 
a hypo-state was induced by thiouracil and a hyper-state by graded 
amounts of thyroprotein. The normal response of the seminal vesicles 
and coagulating glands was partially to completely inhibited by thyro- 
protein, whereas thiouracil stimulated increased response. On the other 
hand, thiouracil decreased the response while thyroprotein increased 
the response in mice. It was suggested that rats normally secrete more 
than an optimal amount of thyroxine, whereas mice secrete less than 
an optimal amount. 

A similar species difference in response to equine gonadotropin in 
female rats and mice was observed by Johnson and Meites (62). Janes 
(61) however, used pituitary gonadotropin in hypothyroid female rats. 
He reported that short thiouracil treatment diminished the ovarian re- 
sponsc, whereas, if of long duration, the response to gonadotropin was 
amfST'l “ “nh-ol animals, both with large 

nvt cT Wed d f "“‘‘“‘"IP!"- Histological examination of the large 

laincd on thL,rr.n r -o 7 "'Woh were main- 

(125) reno immature. Warner and Meyer 

trophy. It was sufftrested it... inhibition of ovarian hyper- 

m-ary to endogenom gonadotropir*'"' 

mice with respert irtw' lhwo'idX®”'' 
diUcrcnccs within species is shXby StobT^t 

of mice were selected for larec mM- ? Andrews (104). Strains 
generations. It was shown r i*””'’ 

caiilly increased the crowth rair- thyroprotein signifi- 

but iccrcxrscd the gr^; r.am g™-P^ 

b-FHrxI as indicating Cred 

Strains o{ small mice. Tliiotjracil f»vl » * i thyroxine secretion in the 
'luced I)ody weight in all lines bin O consistently re- 

«jdy in the Urge line. Tliyronrotelii o »1° depressed growth 

allcTatidi, ol gonad weightTn citlicr*^ «oiimcil produced no significant 
tiK- gonad, of .b«o 

hWIMnV "'■Pmdnclfon 
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on experimental animals and add more details concerning the domestic 
animals. 

In many species, aherrations of the estrous cycles have appeared in 
both hypo- and hyperthyroid animals. These effects may appear as 
lengthening, irregularity, or complete disappearance of the cycles. 

In the bovine, thyroidectomy caused heifers to show an absence of 
the usual signs of heat (24, 101). However, it was observed by the 
manual palpation of the ovaries that ovulation occurred at regular 
intervals. Artificial insemination with semen from a thyroidectomized 
buU at the time of ovulation resulted in the birth of three normal off- 
spring. The condition of “silent” estrus in these animals would indicate 
a mild deficiency in the secretion of the gonadotropins, especially LH, 
or of the gonadal hormones (estrogen or progesterone), or both. When 
replacement therapy was practiced, normal estrous cycles were resumed. 

Engle (35) reported that the hypothyroid monkey is amenorrheic 
to the extent of about one or two periods a year. A hypothyroid monkey 
put on a very low thyroid dosage for a period of 10 days always resulted 
in the return of menstrual function. A single treatment will give either 
two or three successive normal menstrual cycles. In the hypothyroid 
monkey the amount of estrogen needed to induce estrogen-witlidrawal 
bleeding is greatly increased. In monkeys treated ivith tliiouracil tlie 
menstrual cycles become very irregular. Amenorrhea or extremely pro- 
longed cycles of over 50 days were the rule. Engle stated, “I suspect 
that tliyroid empirically given in most cases of menstrual disturbances 
in women gives a greater degree of success than any other hormone 
which is used.” 

Tile ovarian picture in hypotliyroidism appears quite variable. In 
cattle, sheep, and goats, apparently normal follicle development and 
ovulation can occur. In e.\perimental mammals, abnormal changes in 
the ovary may occur with m.arkcd depression of conception rate. 

Tliyroprotein has been fed extensively to lactating dairy cattle to 
stimulate increased milk production. There have been a number of 
ineidental observations concerning its value in conection with reproduc- 
tive problems, but no systematic study of the value of th)TOprotein in 
cows of low fertility has been reported. At tlie recommended levels of 
feeding tliyroprotein to dairy cattle, no undesirable effects upon re- 
production have been reported. Cows pregnant when tliyroprotein 
feeding w.as initiated have calved normally. Leech and Bailey (66) in 
long-time trials in England reported that the thjToprotcin-ferl group 
showed a reduced incidence of “abnormal" calvings. Tliom.as and .Moore 
(107) reported an incidence of 6JJ stillhirtlis in first-calf heifers but 
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Reece (86) reported on 2 cows being fed thyroprotein. One cow 
had been bred 3 times prior to thyroprotein-feeding and had not con- 
ceived. She conceived on the fifth service during thyroprotein-feeding. 
A second cow had failed to conceive following 10 services before thyro- 
protein, but conceived on the third service after thyroprotein-feeding 
was started. 

Thomas and Moore { 107) reported that cows fed thyroprotein during 
lactation until 90 days before parturition produced normal-appearing 
calves without calving difficulties. However, the mortality rate was 
higher than normal and it was implied that the feeding of thyroprotein 
was responsible. No similar report of other investigators has been made, 
although thousands of cows have been fed thyroprotein. Since thyro- 
protein was withdrawn 90 days before parturition and normal endoge- 
nous thyroxine secretion returns within 30 days after withdrawal, there 
are no apparent physiological reasons for suspecting that the calf 
mortality observed is related to thyroprotein feeding; rather, it is sug- 
gested that poor calf management was involved. 


rregnancy 

in the literature, it would appear 
nrcvent^mn°° ° pregnant animals neither causes abortion nor 
uormrCt r.'" Simpson (100) re- 

S Tnme tqnf ° “ tVoidectomired sLep. Eoineke 

nant Imren^'toT T «'>-m'iectomized kid became preg- 

a marW “ *)^°i‘i-='^‘'>mized male. This aSmal 

uancy, apparently dueTo the EnM 10 »£ P«g- 

Spiclman ct al. (1011 renorlL “f iotal thyroid hormone, 

day of gestaUon. ihl^o.dectomy of a heifer on her 46th 

tlien a sudden resiimnUon of “ period of about 20 weeks, 

the goat. Three IbyTOidectoiS^hefeT'"^ reported in 

normal calves. eners conceived and gave birth to 

Reproduction 

prod.?.^" .hyroidectomy of rams 

an Increase in the relative numbers concentration, and 

ministered to the thjToidectomizeil r-im '1°'™“' sperm. Thyroxine ad- 
tesidted in tl.c production of semen wallTan'i’ Imvered fertility 

nnd decreased abnormal sperm ” Increased number of sperm 

TliNToxine and 

terns cf Summer ««^viate s>mp- 

> resuiung from impaired spermatogenic activ- 



PnTOTABY HORMONES IN BEPHODUCnVE PROCESS 


165 


ity. The feeding of thiouracil during tlie fall breeding season maintained 
semen characteristics of the summer months. It was concluded that the 
thyroid gland is of major importance in the reproductive physiology 
of the ram. 

The effect of thyroidectomy upon a 4-month-old Jersey bull calf was 
reported (80). While the gonads appeared to develop normally, there 
was complete absence of hbido at sexual maturity when tested with 
cows in heat. By rectal palpation ejaculates were obtained which were 
normal in amount and sperm number. Semen samples so obtained were 
used in artificial insemination of cows and pregnancies resulted. 

Reineke (87) reported upon the effects of feeding thyroprotein to a 
group of dairy bulls averaging about 8 years of age which had become 
rather sluggish and lethargic and showed reduced sex drive. In these 
animals thyroprotein feeding rather consistently caused an improvement 
in sexual drive and vigor. The limited conception records suggested an 
improvement in spermatogenesis. The time required for an observable 
effect to occur ranged from 7 to 40 days, and averaged 16 days. 

In the young male mouse kept at 24°C., the administration of mod- 
erate amounts of thyroprotein increased the testes and seminal vesicle 
weights, and increased spermatogenic activity. Larger doses adversely 
affected the development of the testes. At 30°C., the control testes and 
seminal vesicles were lighter due to reduced thyro.xlne secretion. The 
lower levels of thyroprotein stimulated the testes as at tlie lower tem- 
perature, but the animals showed less response at tlie higher dosages. 
Thiouracil depressed the growth and functional activity of the testes 
(72). 

In the adult male guinea pig the strengtli of sex drive was not 
altered significantly by thyroidectomy or by daily injections of tli)TOxine 
(137). However, it was suggested that hypothyroidism lowers the 
percentage of fertile matings (136). 

In the male rabbit, Maqsood (71) reported continuous feeding of 
thyroprotein (between 0.004 and 0.008% of the ration) within optimal 
physiological limits resulted in precocious sexual maturity when com- 
pared with controls, where.as large doses adversely affected develop- 
ment and function. Doses below or about equal to the estimated lliy- 
rovino secretion rate iiad no effect. TIic feeding of 0.1% thiouracil in 
the ration of male rabbits for short periods resulted in significant de- 
creases in testes weights and spermatogenic actinty. Prolonged tliioura- 
cil treatment or tluToidectomy arrested tlie onset of sexual maturity, and 
animals under either treatment c-xpressed neither libido nor ejaculated. 
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Lack of sexual desire indicated reduced male sex hormone production. 
Similar results were reported in male sheep. 


J. Fertility of Rnnw in Summer 

To reduce the effect of high ambient temperature on the thyroxine 
secretion rate of Southdo\vn rams, Dutt and Simpson (34) kept one 
group in an air-conditioned room at 45-48®F. and compared them 
with a group of rams kept at environmental temperatures (Kentucl^'). 
No difference in semen volume was observed, but from August 20 to 
September 24 the average motility ratings for weekly collections was 
70.37o for cooled rams and 4L8% for control rams, and 6.4^ abnormal 
sperm in contrast to 36.97o. The cooled rams had a higher sperm cell 
concentration (3.4 vs. 2.4 million cells per ph). Embryonic death loss 
was higher in ewes bred to control rams. These results indicate the 
beneficial effect of low temperature in maintaining higher reproductive 
performance. 


K. Hyperthyroidii-m in Birds (Male) 

Crew (28) reported that the feeding of desiccated thyroid to 5* to 
S-year-old cocks and hens promptly caused molt, then stimulated egg 
production at a faster rate; the head furnishings became red and turgid. 
After six months treatment was discontinued and the birds became 
progressively senile again. 


Jaap (59) studied the effect of thyroid feeding upon testis size and 
^crmatogenesis of Mallard drakes during late ™ter and early spring. 
Tlie response was related to the amount of thyroid fed (0.25-1.0 g.) 
wth testes ranging from 2 to 10 times the weight of the controls. The 
brg^t testes showed the presence of large numbers of spermatids. Aron 
and lienod (3) found that feeding thyroid caused sexual stimulation in 
immature drakes. 
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increase in semen volume. It wonld appear from these results that this 
dosage of thyroid was excessive. 

Tmmer et al. ( 111 ) fed Barred Plymouth Rock cockerels for 12 weeks 
on a ration containing 0.1% (45 g./lOO lb. feed) thyroprotein. The 
normal growth of the testes was reduced, especially at 10 and 12 weeks, 
the final average testis weight being only 332.5 mg. as compared to 
608.9 mg. for the controls. Wheeler et al. (127) reported a higlily sig- 
nificant decrease in weight of the testis and a significant decrease in 
weight of the comb of 12-week-old Rhode Island Red cockerels fed 
thyroprotein at the level of 10 g./lOO lb. feed from hatching time. When 
similar birds were carried to 24 weeks of age, body weight was sig- 
nificantly greater on thyroprotein feeding. Both relative and absolute 
testis weights were significantly greater ( controls, 16.25 g.; tliyroprotein- 
fed, 27.27 g.). 

Glazener and Jull (40) fed Barred Plymouth Rock X New Hamp- 
shire chicks 0.1% desiccated tliyroid beginning the 4th week and con- 
tinued until tlie 10th week. Ihe average testis weight was 420 mg. 
compared to 1356 mg. for the controls. The comb size was also reduced 
3.66 cm. as compared to 10.54 cm. (length X width). 

The feeding of 1 mg. tablets of thyroxine to each of 4 Rhode Island 
Red cocks three times weekly from January 8 to March 14 was reported 
by Hays (49). The hormone treatment produced no significant effect on 
the fertility of either young or old males in natural matings. 

Martinez-Campos (73) observed no significant change in semen 
production or in spermatogenesis in Rhode Island Red cockerels during 
the feeding of 0.01% and 0.02% of thyroprotein in the ration for a 
period of 3 weeks. The feeding of 0.04% in the ration, however, caused 
an increase in tlie semen volume, sperm concentraUon, and total number 
of sperm per ejaculate. Wilwerth (130) extended and confirmed the 
above observations with the same breed of cockerels. Thyroprotein as 
0.04% (18 g./lOO lb. feed) of the ration caused an increase above normal 
controls in semen volume and a significant increase (5% level) in sperm 
concentraHon. The total number of sperm per ejaeulato increased pro- 
portionately. The feeding of 0.08% tliyroprotein caused a highly sig- 
nificant decrease in semen volume and sperm concentration, whidi w.ts 
decreased still further when the dosage level was incre.ased to 0.16%. 

The feeding of thjToprotein to B.arrcd Rock cockerels at the level of 
10 g. per 100 lb. of feed has been reported by Shaffner (98). Feeding 
was started in April and w.as continued for 10 weeks. Data on the fer- 
tility of the semen after 12 and 15 weeks of treatment were obtained. 

A statistical analysis of the fertility data of individu.al m.alcs showed that 
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Lack of sexual desire indicated reduced male sex hormone production. 

Similar results were reported in male sheep. 

/. FertiUfy of Rams in Summer 

To reduce the effect of high ambient temperature on the thyroxine 
secretion rate of Southdown rams, Dutt and Simpson (34) kept one 
group in an air-conditioned room at 45-48®F. and compared them 
with a group of rams kept at environmental temperatures (Kentucky)- 
No difference in semen volume was observed, but from August 20 to 
September 24 the average motility ratings for weekly collections was 
70.3% for cooled rams and 41.87o for control rams, and 6.4% abnormal 
sperm in contrast to 36.9%. The cooled rams had a higher sperm cell 
concentration (3.4 vs. 2.4 million cells per pi.). Embryonic death loss 
was higher in ewes bred to control rams. These results indicate the 
beneficial effect of low temperature in maintaining higher reproductive 
performance. o & ^ 


K. Hyperthyroidism in Birds (Mak) 

Crew (28) reported that the feedtog ot desiccated thyroid to 5- to 
8-yeer.old cocks and hens promptly caused molt, then sUmuIated egg 
production nt n faster rate; the head furnishings became red and turgid. 
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increase in semen volume. It would appear from these results tliat this 
dosage of thyroid was e.\cessive. 

Turner ct al. ( 111 ) fed Barred Plymouth Rock cockerels for 12 weeks 
on a ration containing 0.1% (45 g./lOO lb. feed) tliyroprotein. The 
normal growtlr of the testes was reduced, especially' at 10 and 12 weeks, 
the final average testis weight being only 332.5 mg. as compared to 
608.9 mg. for the controls. Wheeler et al. (127) reported a liighly' sig- 
nificant decrease in weight of the testis and a significant decrease in 
weight of tlie comb of 12-week-old Rhode Island Red cockerels fed 
thyroprotein at the level of 10 g./lOO lb. feed from hatching time. When 
similar birds were carried to 24 weeks of age, body weight was sig- 
nificantly greater on tliyroprotein feeding. Botli relative and absolute 
testis weights were significantly greater (controls, 16.25 g.; tliyroprotein- 
fed, 27.27 g.). 

Glazener and Jull (40) fed Barred Plymoutli Rock X New Hamp- 
shire chicks 0.1% desiccated thyroid beginning the 4tli week and con- 
tinued until tlie lOtli week. The average testis weight was 420 mg. 
compared to 1356 mg. for the controls. The comb size was also reduced 
3.66 cm. as compared to 10.54 cm. (length X width). 

The feeding of 1 mg. tablets of tliyroxine to each of 4 Rhode Island 
Red cocks three times weekly from January 8 to March 14 was reported 
by Hays (49). The hormone treatment produced no significant effect on 
the fertility of either y’oung or old males in natural matings. 

Martinez-Campos (73) observed no significant change in semen 
production or in spermatogenesis in Rhode Island Red cockerels during 
the feeding of 0.01% and 0.02% of tliyroprotein in the ration for a 
period of 3 weeks. The feeding of 0.04% in the ration, however, caused 
an increase in the semen volume, sperm concentration, and total number 
of sperm per ejaculate. Wilwertli (130) e.xtondcd and confirmed the 
above observations with the same breed of cockerels. Thyroprotein as 
0.04% (18 g./lOO lb. feed) of the ration caused an incre.ise above normal 
controls in semen volume and a significant increase (5% level) in sperm 
concentr.ation. The total number of sperm per ejaculate increased pro- 
portionately. The feeding of 0.08% thyroprotein caused a highly sig- 
nificant decrc.ase in semen volume and sperm concentration, which was 
decreased still further when the dos.ige level was increased to 0.16%. 

The feeding of thyroprotein to Barred Rock cockerels at the level of 
10 g. per 100 lb. of feed has been reported by Shaffner (93). Feeding 
was started in April and was continued for 10 week-s. Data on the fer- 
tility of tlie semen after 12 and 15 weeks of treatment were olitaincrl. 

A statistical analysis of the fertility data of individual males showed that 
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th)Toprotein feeding at this level resulted in a significant reduction in 
fertility. * 

Kummn and Turner (65) induced mild hyperthyroidism in IVhite 
ri^outh Rock cockerels by feeding thyroprotein at levels of 0.64 and 
V vu “r “g<=- At the 0,04% level there was 

^ ' a 1 r ^owth in the 8- and 10-week-old groups but the 12- 

and 14-week-old groups were about the same as the controls. IVhile 
“4 approximately a normal rate, the average 
g*‘anp throughout the experiment was markedly 
of male b™' conPol group, indicating that the rate of secretion 
stimulation increased. At the 0.08% thyroprotein level sUght 
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Rock pullets (110). Experiments indicated that the principal effect of 
thyroprotein feeding was the maintenance of egg production during 
periods of decline in basal metabolism caused by high summer tempera- 
tures (23, 133) and increasing age (110). Oloufa (78) fed thyroprotein 
at a level of 5 g. per 100 lb. of feed to Egyptian hens during summer 
months. The result indicated a significant increase in egg production. 

Otlier investigators feeding 10 g. of thyroprotein per 100 lb. of feed 
to laying hens have observed no improvement in egg production (41, 
44, 45, 55, 57, 67, 77, 95, 129). A few reports indicate that the above level 
of treatment may affect egg production adversely (55, 57, 77). Wilson 
(130) studied the effects of thyroprotein feeding on laying hens main- 
tained under controlled high temperature environment. Berg and Bearse 
(10) reported decreased egg production in caged White Leghorn pullets 
fed thyroprotein (15 g. per 100 lb. feed) for a period of 10 weeks. 

Effects of hyperthyroidism produced by feeding thyroprotein to lay. 
ing hens may be noted in decrease of body weight (10, 15, 55); it was 
also observed in males (98). Decrease in thyroid weight was observed 
by Turner et al. (113) and Turner (109), and in the lengthening of tlie 
incubation time required for normal hatching by IVheeler and Hoff- 
man (128). 

M. Effect of Hyperthyroidism on Egg Quality 

Asmundson (4) and Asmundson and Pinsky (5) demonstrated that 
feeding desiccated thyroid to laying hens resulted in egg shells that were 
significantly heavier tlian tliose from the controls. A significant im- 
provement in egg shell tliickness has been observed consistently in 
thyroprotein-fed laying hens ( 10, 38, 41, 45, 55, 67, 77, 95, 129 ) . 

No significant difference in egg weight has been observed in thyro- 
protein-fed laying hens (10, 38, 41, 55, 57, 78, 95). 

N. Possible Causes of the Diversity of Results in Induced 
Hyperthyroidism 

The possible causes of diversitj- in the obscrwations with regard to 
induced hypertliyroidism in male and female birds should be discussed. 
The first factor involved is the biological activity of tlie hormonal prepa- 
rations. In the use of desiccated th)Toid and tlic early preparations of 
thyroprotein, the products were not standardized biologically. At the 
present time, th)Toprotein is standardized to contain Ifi tlij-rorine. The 
oral effectiveness of th)-ioprotein in relation to th)Tro'dne by injection 
still requires further study. Preliminary evidence indicates that it is 
more effective orally than the 10^- observed in ruminant animals. 

The second problem that requites much further shidy is the norm.il 



170 


aiARLES W. TOBSm 


variation in Ih^oxine secretion in breeds and varieties of birds. Mlii'e 
progress m this area of study has progressed as a result of the intro- 
duction of the goitrogen technique (90) and later by Uie study of radio- 
achve iodine of the blood (14). only recently has a method been de- 
satisfactorily measures the thyroxine secretion rate of 
individual birds (83). Using this method, xvide variation in secretion 
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less than those of controls. At 8 months of age the testes had smaller 
tubules and in no case showed development stages beyond spermato- 
cytes. 

Payne (79) reported the gonad and comb weights of thyroidecto- 
mized 'Vtdiite Leghorn chicks were smaller even in eomparison to body 
size. 

Schultze and Turner (96) noted a significant decrease in testes 
weight when White Leghorn eockerels were fed O.l^^ thiouracil in the 
feed from the 10th to 12th weeks, but not when fed from the 12th to 
IStli weeks. 

Andrews and Schnetzler (1) fed cockerels, from 6 to 14 weeks, a 
ration containing 0.1 and 0.2% thiouracil. There was a progressive de- 
crease in testis and comh weight as the amount increased. These ob- 
servations were confirmed by JuU (63) and Japp (60). 

Shaffner and Andrews (99) fed sexually mature cocks for 18 
weeks on rations containing 0.2 and 0.5% tliiouracil. There was a 
significant decrease in the average testis weight, diameter of the semi- 
niferous tubules, and average comb area in comparison to the controls. 

Botli Martinez-Campos (73) and Shaffner and Andrews (99) re- 
ported that thiouracil did not influence sperm concentration, semen 
volume, or motility, but it may have influenced survival time in the 
oviduct. 

Kumaran and Turner (65) fed a ration containing 0.1, 0.3, and 0.6% 
of tliiouracil to cockerels from 1-day to 16 weeks of age. Groups of 
birds were examined at 2-week intervals, starting at 6 weeks of age. 
The testis weight was depressed on the 0.1% level up to 8 weeks; fol- 
lowing this period tliere was a marked reversal so that by the 14th week 
the testes of the experimental birds e.xceeded tlie normals by about 10 
times in weight Histological examination indicated a slight precocious 
development of spermatogenesis during tlio period from 10 to 14 
weeks of age. In contrast, tlie cells of Leydig showed delayed develop- 
ment from tile 10th week on, witli an increase of intercellular fluid. 
Depression of tlie endocrine activity of tlie cells of Leydig was indicated 
by reduced rate of comb growtli. 

Biellier and Turner ( 12) fed 0.1% thiouracil ration to growing ducks. 
Tlio testes showed increasing weight in comparison to the controls. 
The increase was most marked in the 12-week-old group. 

Wilwerth ct al. (131) fed 0.1% thiouracil to Bliodo Island Red 
mature males. Tlic)' showed a small trend tow.ard lower semen volume 
and concentration, which w.as reversed by feeding 0.01 to 0.01% tlijTO- 
protein. 
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E. Effect of Adrenal Hormones in Normal Female Animals 
Courrier et al. (27) reported that tfie injection of 25 mg. of cortisone 


— .... f Limt me lujeuuon or zo mg. or coriisune 

acetate per day during various stages of pregnancy in rabbits caused 
either abortion or intrauterine maceration of the fetuses. 

Courrier et al. (27) injected 12.5 mg. of cortisone acetate in pregnant 
rats wthout interference with normal gestation. Seifter et al (97) re- 
ported cortisone caused an increase in the rate of fetal mortality. 

Sprague et al (102) injected cortisone acetate in 9 women with 
UeZinr” ”■ “ ® '•"’““"heic during 
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increased the secretion of mineralocorticoids. It was postulated tliat the 
mineralocorticoids play a role in die relaxation of die pelvic ligaments. 

H. Adrenalectomij and Replacement Therapy in Fowls 

Herrick and Torstveit (53) described a successful method of adrenal- 
ectomy in fowls. With no treatment the birds died in 6 to 15 hours. By 
replacement therapy with crude adrenal hormones (eschatin) and NaCl 
feeding birds have been maintained for more dian 80 days. The combs 
of such fowls become gready reduced in size and the testes also become 
smaller and show marked degeneration. 

L Effect of Adrenal Hormones on Egg Production 

Kudzia and Champion (64) reported that die injection of 1 mg./lb. 
body weight of cortisone acetate to laying fowls did not produce a sig- 
nificant reduction in egg production, whereas the 3 mg./Ib. level did. 
Egg weight was not influenced at die lower level of injection. 

During cortisone injection at 1 mg./lb. body weight, the fertility of 
male birds was significandy decreased. 

7. The Adrenogenital Syndrome 

In the human, adrenal cortical hyperfunction sometimes results in 
increased secretion of androgen and estrogen. In many such cases 
tumors of the adrenal are present. In women, the excessive secretion 
of androgens produces a virilizing condition, shown by excessive hair 
growth of the male type, including growth of die beard and hair growth 
on the extremities and chest. The voice becomes masculine. The 
breasts become reduced in size and the nipples and areola are of die 
male type. The clitoris is enlarged to tlie size of a well-developed phal- 
lus. Tile external and internal female genitalia are atrophic. Menstrua- 
tion ceases completely. Tliese women are strong and athletic. 

In men, the excessive secretion of estrogen in this condition has die 
opposite effect of producing a feminizing s)’ndrome. Tlie breasts en- 
large and may secrete milk. Hair growth declines. Atrophy of the testes 
and penis occurs with loss of libido (135), 

The extent of die adrenogenital sjaidronie in domestic animals is 
not known. Tlie only obrioiis 5}'mptoms would be reproductive failure 
and masculinization. To study the extent to which this syndrome causes 
reproductive failure will require study of the androgen and estrogen 
excretion in urine and feces, the excretion of 17-kclostcroids and 17- 
hydroxx corticoids. 
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P. Hypothyroidism i»i Birds (Females) 

Blivaiss (18) found that thjToideclomized female chicks had juvenile 
reproductive organs for periods up to two years of age. 

Biellier and Turner (12) fed a ration containing 0.1% thiouracil to 
growing ducks up to 12 weeks for periods of three weeks. In each age 
group thiouracil depressed the ovarian weight in comparison with the 
control groups. ^ 

Chickens l*yro]dectomized at or near maturity, persisted in egg 
production (lOo 132) but at only 10 to 307c of normal. Tliyroidectomy 
not only retarded gonadal size and function but it also reduced tl.e size 

0 ^ e com an watt es (18) which could be restored with tlivroxine 
injections. 
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corticosterone m amounts of 0 25, 0 5, and 1 mg daily did not permit 
reproduction 

B Effect of Adrenal Extracts on the Ovary 

Casida and Hellbaum (26) cite the earher hterature concerning a 
relationship between the adrenal glands and the gonads They reported 
that extracts from eqmne adrenals produced ovarian stimulation, as in- 
dicated by the presence of large foUicles or corpora lutea and evidence 
of ovulation m 25-day-old rats The extracts of adrenals of pregnant 
mares were most potent, but nonpregnant mares and geldings also 
showed biological activity Caution should be exercised m mterprebng 
the response to adrenal extracts from pregnant mares because residual 
blood, high in equme gonadotropm, could possibly be responsible for 
the gonadal response 

C Effect of Cortisone or ACTH on Dcciduomata Production 

The experimental producbon of deciduomata in rats Mith proges- 
terone IS mdicabve of the role of progesterone in preparing the uterus 
for the recephon of the ferbhzed egg Any compound wluch would 
depress the producbon of the deciduomata might be expected to in- 
terfere with normal implantabon Hisaw and Velardo (54) reported that 
1 5 mg of corbsone acetate reduced the diameter of deciduomata in- 
duced by 1 5 mg of progesterone m casbate pseudopregnant rats 25%, 
and 4 5 mg completely mhibited decidual development Furtlier, it was 
shown that the response was reduced 23% by 0 7 mg ACTH daily with 
complete inhihibon followmg 1 5 mg 

D Effect of Adrenal Hormones in Normal Male Animals 

Ingle (58) reported m earher studies that 5 to 10 mg daily of corti- 
sone caused some regression of the testes of tlie adult male rat, whereas 
in later studies 5 mg daily failed to cause significant loss in tlie weight 
of either tlie testes or seminal vesicles of the adult male rat. Winter 
cf al (134) injected 3 mg daily of cortisone acetate for 6 wcehs to 
>oung adult male rats without effect upon testes weight 

In mature mice tlie daily mjeebon of 25 mg cortisone for periods 
up to 17 dajs resulted m testes, seminal scsicles, and prostate smaller 
than m the controls (2). 

Sprague ct al (102) reported that continued injection of cortisone 
acetate m 3 men caused a significant decre.asc in sex driic and poicnc). 
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K. Pseudohcrmaphrotlism ami Macrogcmtosomia Prccox 
In children, hereditarj’ adrenal hj’pcrplasia causes nseudohcrmapliro- 
Prccoi in males. This condition 
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cessive amounts of sex hormones (primarily androgens) under the 
stimulus of ACTH. The insufficiency of glucocorticoids permits ex- 
cessive secretion of ACTH, Upon the administration of a glucocorticoid, 
ACTH secretion is reduced and androgen production decreased. 

N. Secretion Rates of the Adrenal Hormones 
Before the true role of tlie adrenal hormones in reproductive proc- 
esses can be determined, it will be necessary to observe tlie variation in 
the secretion rates of these hormones in individual animals and the 
important factors that influence secretion rate. Progress is being made 
in this area but so far the methods are chiefly indirect measurements. 
These studies include perfusion of the isolated adrenal, estimations of 
the plasma levels, urinary and fecal excretion of adrenal hormones, etc. 

With improved estimates of secretion rate, it will then be possible to 
administer amounts of these hormones within the physiological range. 
Reproductive performance of animals wth hypo- and hyperadreno- 
corticalism can then be studied. The principles suggested for study of 
hypo- and hypertliyroidism apply equally well to tlie adrenal hormones. 

O. Interrelation of the Thyroid and Adrenal Glands 
There have been many suggestions that a functional relationship 
exists between the thyroid and the adrenal glands. As improved methods 
of estimating the secretion rates of tlie hormones of these two endocrine 
glands are perfected, it will be possible to determine tliis relationship 
more accurately. For the reader interested in this problem, see the re- 
view of Money (76) and papers of Robertson ct al. (92, 93). 

IV. Role of Oxytocin in REPnoDuernoN 
While Dale (31, 32) described the action of posterior pituitary' c.x- 
tracts upon the contraction of tlie uterine musculature fifty years ago, 
it was not until much later tliat evidence began to appear indicating that 
oxytocin might play a true endocrine role in certain phases of the 
reproductive process concerning uterine motility. Even tlie extensive 
use of crude or purified preparations (pituitrin or oxytocin) as an aid in 
parturition had not proved tliat owtocin is nonnally released at this 
time. Reports indicating normal parturition in experimental animals 
lupophyscctombcd after the middle of pregnancy cast doubt as to the 
necessity of the posterior lobe hormones in parturition. 

In recent years there h.is l>ecn accelerated interest in the role of 
oxytocin in uterine function from two points of view. First, (Ik* rolo.ise 
of oxytocin may pl.iy a role in the transport of s<*mjnal fltn'd from the 
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cervix through the uterus anti oviducts at the time of coitus. Second, 
it may act as an aid in the act of parturition. 


A. Role of Oxytocin in Semen Transport 
Hartman and Ball (48) were the first to show the surprising fact 
diat, within a matter of seconds after ejaculation in the rat, semen was 
found throughout the uteri. Tlic earlier literature concerning this prob- 
lem in experimental animals has been reviewed by Hartman (47). 
Blandau and Money (17) and Blandau (16) have further studied this 
problem in the rat and Braden (22) in the rabbit. 

Recently, a scries of reports has appeared concerning the rapid 
transport of spermatozoa through the reproductive tract of domestic 
animals. Thus, in the cow (121, 122), in the ewe (103), and in the gilt 
(25, 33), the ascent of the sperm after copulation appears far too rapid 
to be accounted for by the normal motility of the sperm. These observa- 
tions led to the suggestion that uterine motility played a role in the 
rapid transport of sperm. It was observed that nonmotile sperm and 
other fluids were also rapidly transported through the reproductive tract 
(see also discussion of Van Demark (117)). 

^ That increased motility of the uterus at the time of insemination 
might be due to the release of oxytocin was suggested. It was sho^vn 
by Hays and Van Demark (50) that the rate of travel of sperm was 
increased by the injection of oxytocin in the isolated, perfused, bovine 
uterus, and Rowson (94) observed more rapid transport of radiopaque 
material in the intact cow. Mann cf al (69) not only observed rapid 
tainsport of sperm, but several constituents of seminal plasma were 
aZ r.H ^ gilts and 50 minutes 

la provides not only for the 

near the time of cstrusTllS uT a contractions occur at or 

could be caused to occur by mass^Ee of the ^ 
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to that obtained by Mivtail’’ 
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amount of experimental work that^mS "let'T 
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in implicating oxytocin in uterine motility 
Citation of the early literalur ^ 
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sented by Hays and Van Demark (51). Tgetgel (106), in the cow, 
and Hammond (46), in the mare, observed that manual stimulation of 
the uterus or mating stimulated milk ‘let-down.” Hays and Van Demark 
(51) reported that stimulation of the vulva and cervix or natural 
mating stimulated increased intramammary pressure in most cows. 

Further evidence of the release of oxytocin by manual stimulation 
or the act of mating could be demonstrated by study of the oxytocin 
content of the blood. Hays and Van Demark (50) reported that blood 
taken after massage of the vulva and cervix caused contraction of the 
excised, perfused, cow uteri in each of three trials, whereas blood taken 
before had no effect. Fitzpatrick (36) extracted oxytocin from blood 
of cows before and after cervix and uterine stimulations. Bio-assay 
showed increased amounts of oxytocin after stimulation. 

IVhile further evidence of the release of oxytocin at the time of 
mating or of artificial insemination would be highly desirable, the ob- 
servations presented are very suggestive. If it is true that sperm trans- 
port is facilitated by the release of oxytocic hormone, then two factors 
should be given increased attention in connection witli successful arti- 
ficial insemination. First, the method of artificial insemination should be 
such as to provide stimulation of the vagina and cervix comparable 
to that of natural mating so as to ensure the release of oxytocin. Evi- 
dence is available that the amount of oxytocin released by the stimula- 
tion of milking varies greatly in animals. It is possible that failure to 
conceive, in some animals, might be due to failure of sperm transport 
due to insufficient release of o.xytocin. It would be interesting to de- 
termine whetlier the addition of oxytocin to the semen diluters in 
amounts sufficient to provide adequate uterine stimulation would im- 
prove the conception rate. 

Second, the inhibiting effect of adrenaline upon the “let-down” of 
milk is a well-understood phenomenon. It is the basis for tlie desire 
on the part of dairymen to maintain “contentment” in tlie animals at 
milking time. Excitement of cows leads to adrenaline release which, in 
turn, blocks tlie physiological action of oxytocin upon the myoepithelial 
cells of the mammary gland. 

A similar relation between adrenaline and o.xytocin appears to bo 
true in regard to uterine motility. Hays and Van Demark (50) obsen'cd 
adrenaline given before o.xytocin partially or completely inhibited the 
increased uterine motilit}^ normally induced by o.xytocin. Tins obserx'a- 
tion suggests the importance of maintaining conditions at the time of 
the artificial insemination of c-'ittlc free from e.xcitcmcrit or conditions 
which would be conducive to the secretion of adrenaline so as to mini- 
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the possibility of adrenoline-blocking 
sperm transport. The futility of attempting to milk excited cow > 
apply equally to artificial insemination. 


ItETEnENCES 


1. Andrews, F.N., and SchnGtzler,E.E.,PouhrfiScL 25, 124 (19-16). 

2. Antopol, W.. Proc. Soc. Exptl. Bfol. Med. 73, 262 (1950). 

3 Aion, M., and Benoit, C<mipt. rend. soc. bloL IIB, 218 ( 1934 ) . 

4. Asinundson, V. F.. Pouhry Scl. 10, 157 ( 1931 ) . 

5. Asmundson,V.F., and Pin&ky, P., Poultnj Scl, 14,99 (1935). 

6. Atalla, F., and Reineke, E. P-, Federation Proc. 10, 6 ( 1931 ) . 

7. Benoit, ]., Compt. rend. soc. bJoI. 123. 234 (1936). 

8. Benoit, Compt. rend. sac. biol. 125, 459 (1937). 

8a. Benoit,]., Compt. rend. soc. biol. 125, 461 (1937). 

9. Benoit, J., and Aron, M., Compt. rend. soc. hiol. 116, 221 ( 1934 ) . 

10. Berg, L. B., and Bcarse, G. E., Poultf^ Sci. 30, 21 ( 1951) . . 

11. Berliner, V. R., and Waihritton, V., Proc- 30th Ann. Meeting Am. Soc. Anlm 

Production p. 137 (1937). 

12. BielUer, H. V., and Turner, C. \V., Poultry Scl. 29, 248 (1950). 

13. Biellier, H. V., and Turner, C. W., Poultry Scl. 34, 1158 ( 1955). 

14. Biellier, H. V., and Turner, C. W., Missouri Unlc. Agr. Eipf. Sta. ncsearcl* 

Bull. No. 622 (1937). 

15. Biely, J., Match, B. E., and Silvestrini, D. A., Poultry Scl. 33, 1130 ( 1954 ). 

16. Blandau, R. J., Am. /. Anot. 77, 233 ( 1945). 

17. Blandau, R. ]■, and Money, W. L., Anol. Record 90, 255 ( 1944 ) . 

18. Blivaiss, B. B„ Physiol. Zool. 20, 67 ( 1947). 

19. Bbvaiss.B. B., and Domm, L. V., Anaf. Record 84, 529 (1942). 

20. Bogart, R., and Mayer, D. T, Missouri Unlo. Agr. Expt. Sia. Research Full- 

No. 402 (1948). 

21 . Booker, E. E., and Sturkie, P. D., Poulin^ Scl. 29, 240 (1950). 

22. Braden, A. W. H., Australian J. Biol. Scl. 6, 693 (1953). 

23. Brody, S., Funk, E. M., and Kempster, H. L., Missouri Unfu. Agr. Exvt- Sta. 

Research Bull. No. 278 (1938). 

24. Brody, S.. and Frankcnbach, R. F., Missouri Univ. Av. Expt. Sta. Research 

Bull, No. 349 (1942). 


23. Burpr, J. F., Onderstepoort J. Vet. Research Suppl. No. 2 ( 1932). 

26. Casida, L, E., and Hellbaum. A. A., Endocrinology 18 249 (1934) 

27. M,aodMora»,M..J.pJ,y,W.'(p„*) 45,327 (1953). 

-8. Crew, F. A. E., Proc. Roy. Soc. EdinburcJi 45 252 ( 1925\ 

29. Cupps. P.T.. Endocrinology 87. 1(193^. 

f\ nlifif ■ J" sd. 39. 155 ( lose) . 

H (London) 34 , 163 (1908). 

3.. Dale, H. 11., Bloclicm. J, 4 , 427 (1909) 

bid. 1«, 76 





PITUITARY HORMO'^ IN REPRODUCTIVE PROCESS 


181 


37 Fredeen, H T , Poultry Sci 32, 900 (1953) 

38 Gabiiten, A R , and Shaffner, C S , Poultry Set 33, 47 (1954) 

39 Garm, O , Acta Endocrinol 2, Suppl No 3 (1949) 

40 Ghzener, E W,andJuU, A ^ Poultry Set 25, 533 (1946) 

41 Godfrey, G F , Poultry Set 28, 867 (1949) 

42 Greenstem, J S, and Foley, R C,/ AntmalSct 16,341 (1957) 

43 Greem\ood, A W,andChu, J Quart J Exptl Physiol 29, 111 (1939) 

44 Guttendge, H S , and Novikoff, M , Poultry Sci 26, 210 (1947) 

45 Guttendge, H S,andPnlt, J M , Poidiry Set 25, 89 (1946) 

46 Hammond, J , Vet Record 48, 519 (1936) 

47 Hartman, C G , m ‘Se^ and Internal Secretions” (E Allen, ed ), 2nd ed , p 

630 Willnms & Wilkins Baltimore Maryland, 1939 

48 Hartman, C G , and Ball, J , Proc Soc Exptl Btol Med 28 312 (1930) 

49 Hays, F A , Poultry Set 27, 84 (1948) 

50 Hays, R L , and Van Demark, N L,/ Dairy Set 35,499 (1952) 

51 Hays, R L , and Van Demark, N L , Endocrinology 62, 634 ( 1953) 

52 Henneman H A , Remeke, E P , and Griffin, S A , / Animal Set 14 419 

(1955) 

53 Herrick, E H , and Torstveit, O Endocrinologj/ 22 469 (1938) 

54 Hlsa^v , F L , and Velardo, J T , Endocrinology 49, 732 ( 1951 ) 

55 Hoffman E , and Wheeler, R S , Poultry Set 27, 609 ( 1948) 

56 Holcombe, R B , Acfa Endocrinol 28 Suppl 34 1 (1957) 

57 Hutt, F B , and Gowe, R S , Poultry Set 27. 286 ( 1948) 

58 Ingle, D J, / Clm Endocrinol 10, 1312 (1950) 

59 Jaap, R G Poultry Set 12 322 (1933) 

60 Jaap, R G, Proo Worlds Poultry Congr Exposition 8th Congr p 136 

(1948) Copenhagen 

61 Janes R G , Endocrinology 54 464 (1954) 

62 Johnson, F K and Meiles, J , Proc Soc Erptl Biol Med 76,155(1950) 

63 Jull M A , see reference 40 

64 kudzia, J J , and Champion, L R.PotdtrySci 32,476 (1953) 

65 kumaran, J D S , and Turner, C W , Potd/ry So 28 653 (1949) 

66 Leech, F B and Bailey, G L,J Agr So 43,236 (1953) 

67 Lillie, R J , Sizemore, J R , Milligan J L , and Bird, H R , Poultry Sci 21, 

1037 (1952) 

68 Mason H L , and Engstrom, W W, Physiol Rets 30 321 (1950) 

69 Mann, T , Polge, C , and Rcnvson, L E A, / Endocnnol 13 133 (1956) 

70 Maqsood M , B/oI Revs Cambridge Phil Soc 27,281 (1952) 

71 Maqsood M , rcrfihty and S/cri/ity 6 382 (1954) 

72 Maqsood, \f , and Remeke, E P,Am / Phystol 162,24 (1950) 

73 Martinez Campos C , Master’s Uicsis, Michigan Slate College, East Lansmg. 

Michigan, 19-17 

74 Mtiles, J , and Chandrashakcr, B , CndocnnoJogtj 44, 368 ( 1949) 

75 Mixner, J P, Siiinders, H L, Jr, and Johnson, J E, J Dairy Sci 40, 07 

(1957) 

70 Mone\, W L , RrooViatcn Symfwsla in Btol No 7, 137 (105-1) 

77 Oloufa. M M , Poultry Sci 32, 391 ( 1933) 

78 Oloiifa, M M , PoaUnj Sci S3 0-19 (1954) 

79 Pi>*ne, E , Anat Record 88, 337 (1044) 

SO peferstn, \\ E, Spielnnn Pomcroj B S, and Bo^al ^\’ L., Proc Soc 
Pxptl Biol Med 46. 10 (1941) 



182 


CTIARLES W. TUllNEn 


81. Pipes, G. W., and Turner, C. W., J. Dairy Srf. 39, 17-19 ( 1056). 

82. Pipes, G. W., Prcmachandra, B. N., and Turner, C. W., ]. Dairy Sci. 40, 3-10 

(1957). 

83. Pipes, G. W , Prcmachandra, B. N., and Turner, C. W., Poultry ScJ. 37, 30 

(1958). 

84. Premachandra, B. N., Pipes, G. W , and Turner, C. W., /. Animal. Sci. 16, 

1063 (1957). 

85. Premachandra, B. N., Pipes, G. W., and Turner, C. W., /. Dairy Sci. (1958), 

in press. 

85a. Premachandra. B. N., Pipes, G. W., and Turner, C. W., Poultry Sci. 37, 399 
(1958). 


86. Reece, R. P., J. Dairy Sci S3, 387 (1950). 

87. Reineke, E. P.. in "ProWem of Ferblity” (E. T. Engle, ed.), p- 233. 

Princeton Univ. Press, Princeton, New Jersey, 1946. 

88. Reineke, E. P., and Henneman, H. A., Proc. Intern. Con/. Peaceful Uses Atomic 

Energy Ceneva 12, 306 (1958). 

89. Reineke, E. P., and SoUman, F. A., lotca State Coll. J. Sci. 28 67 ( 1953). 

90. Reineke, E.P., and Turner, C.W.,Emfocr!WDgy 29, 667 (1911). 

91. Reineke, E. P., and Turner, C. \V., Poultry Sci. 24, 499 ( 1945) 

"• 

“■ J4°30^a958"' J- 

04. Kmvson.L.E., Brit. Vet. J.m, 334 (1955). 

23 (wS)'. «■ L.. and Hogan, A. G., Poultry 

■ a. 329 h9«r- J- '■-"■-oy. B. S., /. Dairy 

“sr’ i:- 

. Arch. Internal Med. 85* 199 
103. Slarke.N.C..Ondcrricp(,’ort;v^ Anf 7 r 

108. Titu,,H.W.,.„dBunm..,'w hV°i7 (“= 3). 

lu. ?rcrc. 


Tor„e,;c;w;;“dSS: 





PITUITABY HORMONES IN REPRODUCTIVE PROCESS 


183 


116 Turner, C W , and Kempster, H L , Poultry Sci 28, 826 (1949) 

117 Van Demark, N L , tn ‘Mammalian Germ Cells” (G E W Wolstenliolme, 

ed ), p 159 Little, Bro\vn, Boston, Nfass , 1953 

118 Van Demark, N L , and Hays, R L , / Animal Set 10, 1083 (1951) 

119 Van Demark, N L , and Hays, R L , / Dairy Set 34 496 ( 1951 ) 

120 Van Demark, N L, and Hays, R L,Ain / Physiol 170,518 (1952) 

121 Van Demark, N L , and Hays, R L , Fertility and Sterility 5, 131 (1954) 

122 VanDemark, N L , and Moeller, A N,Am / Physiol 165,674 (1951) 

123 Wallach, D P , and Remeke, E P , Endocrinology 45, 75 ( 1949) 

124 Ward, D H , M S thesis, Michigan State College, 1950 

125 Warner, E D , and Meyer, R K , Endocrinology 45, 33 (1949) 

126 Weber, A F , McNutt, S H , and Morgan, B B , / Morphol 87, 393 ( 1950) 

127 Wheeler, R S , Hoffman, E , and Graham C L , Poultry Set 27, 103 ( 1948) 

128 Wheeler, R S , and Hoftnan, E , Endocrinology 43, 430 (1948) 

129 Wilson, W O , Poultry Set 28, 581 (1949) 

130 Wihverth, A M , M S thesis Michigan Slate College, 1948 

131 WUwerth, A M , Martmez Campos, C , and Remeke, E P , Poultry Sci 33, 729 

(1954) 

132 Winchester, G F , Endocrinology 24, 697 (1939) 

133 Winchester, C F , Poultry Set 19, 233 ( 1940 ) 

134 Winter, C , Silber, R H , and Stoerk, H C , Endocniiology 47, 60 (1950) 

135 Wolf, E T , Mills, L C , Newton B L , Tuttle, L L D , HetUg R A , Col- 

lins, V P , and Gordon, W B , / Clin Endocrinol Metabolism 18, 310 
(1958) 

136 Young, W G , and Peterson, R R , Endocrinology 61, 344 ( 1952) 

137 Young, W C , Rayner, B , Peterson, R R , and Brown, M M , Endocrinology 

61, 12 (1952) 



CHAPTER 6 


Role of the Nervous System in Reproductive Processes 

William F Ganong 


Page 


I Introduction 1S5 

II Regulation of Pituitary Gonadotropin Secretion by the Nervous System 186 

A The Evidence for Neural Control 186 

1 Effect of Environmental Stimuli 191 

2 Effect of Brain Pathology and Lesions 192 

B The Mechanism by Which the Nervous System Regulates Pituitary 

Secrebon 196 

C Control of FSH Secrebon 198 

D Control of LH Secrebon 201 

E Conbol of Prolacbn Secretion 202 

F Summary The Regulahon of Anterior Pituitary Gonadobopm 

Secrebon 203 

III Mating Behavior 211 

IV The Onset of Puberty 214 

V Partunbon — Neural Factors 215 

VI Lactabon — Neural Factors 216 

References 218 


I iNTRODUenON 

It IS apparent that the nervous system is involved, \vitli varying 
degrees of directness, in almost every aspect of the physiology of re- 
produebon Reflexes mtegrated at various levels of the nervous system 
are mvolved in sperm transport, parturition, and lactation Copulation 
itself IS made up of a senes of reflexes and reaction patterns mtegrated 
into a coordmated whole, and sexual behavior is manifestly a subject 
for psychological and neurophysiological invesbgabon 

In recent years, increasmg attenbon has been focused on another 
aspect of the role of the nervous system in reproducbve physiology— 
die regulabon by the brain of gonadal funebon through hypothalamic 
regulation of antenor pituitary gonadobopm secrebon The details of 
tins regulahon are incomplete as yet, but it has become apparent tliat 
centers m tlie brain exercise a major and, possibly, a conbolhng influence 
on the amount and type of pituitary gonadobopic hormones hberalcd 
into the circulabon These hormones then act on tlie gonads to bring 
about, in both sexes, tlie state of readiness in the reproductive organs 
and the mabu-ation of tlie germ cells necessary for successful procreation 
It is apparent, of course, tliat such preparation would be in vain if 
it were not associated, m both sexes, with appropriate sexual behavior 


185 



186 


WILLIAM F. CANONC 


This behavior is known to bo dependent on an adequate level of ' 

ing gonadal steroids. Thus the gonads arc involved in a kind of Icccl- 
back” mechanism to the brain. Pituitary gonadotropin secretion is ml- 
tiated by the braini the gonadal hormones arc secreted in response o 
stimulation by these tropic hormones; the gonadal secretions then act 
back on the brain to initiate the behavior necessary for a siicccssfu 
reproductive performance. In the present chapter, attention will be 
focused mainly on this brain-lo-gonad*to*brain cycle, but copulation, 
parturition, and lactation will also be briefly discussed from the point or 
view of the neural components involved, and brief consideration will 
be given also to the as yet poorly defined, but fascinating, problem of the 
role of the nervous system in controlling the onset of puberty. 

II. Regulation of Pituitaivy GoNADomopiN SEcnETios' by 
THE Nervous System 
A. The Evidence for Neural Control 
The idea that the nervous system regulates gonadal secretion via the 
anterior pituitary arose originally from observations on the reproductive 
cycles of normal animals, and information obtained from the analysis of 
cases of brain disease in humans. The former studies established the 
fact that sexual cycles in animals were correlated to changes in the 
seasons, an observation which is difficult to explain except in terms of 
the intermediation of the nervous system beUveen the environment and 
the endoj^ne system. The latter observations established the fact that 
abnormahUes of the testes and ovaries could occur as a complication of 
^ease processes attacking the brain but not demonstrably involving 
the pituitary or the target endocrine organs. 

I. Effect of Environmental Sftmult 

It has been known for many years, of course, that most birds and 

some species, particu- 

numerous variaUes involve'd E^wimental analysis of the 

ahfy the mou imlZ Micated that prob- 
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Singing is associated wtli testicular development in tlie males and 
normally occurs in the mating season. Rowan, in 1925, was the first to 
approach the problem e.\perimentally (163). He e.xposed juncos to in- 
creasing amounts of artificial iUumination during the winter. This species, 
like otlier birds, normally shows gonadal development and mating be- 
havior in the spring. Rowan's male juncos showed testicular development 
in the middle of a Canadian winter, when the temperature was well 
below zero. These observations on the effect of incident light on gonadal 
development were extended to mammals by Baker and Ranson (7) and 
Bissonnette (26). The latter investigator studied the ferret. This animal 
is particularly valuable for studies of this type because both the male 
and female normally show gonadal regression during the winter; during 
tlie spring, testicular growtli occurs in the male and the female goes 
into estrus. When these animals are e.xposed to increased illumination 
during the faU and winter months, the females come into heat and the 
males show testicular interstitial cell stimulation in midwinter (26). 

Since the original observations of Rowan, Bissonnette, and Baker and 
Ranson, this phenomenon of reproductive photoperiodism has been ex- 
tensively studied. Much of tlie work has been descriptive in nature, and 
there are as yet many unanswered questions about the mechanisms in- 
volved. The subject has also been a favorite one for reviews. It will be 
discussed in this chapter in terms of the stimuli, receptors, and pathways 
generally involved; the interested reader is referred for details about 
individual species to the various reviews, particularly tliose of Hammond 
(106), Marshall (146), Yeates (203), Zuckerman (206), and Hendricks 
(119). 

In general, photoperiodism is a eharacterisUc of birds and mammals 
native to the temperate zones of tlie world. With certain e.xceptions, 
tropical animals do not show tins dependence on light. Marshall points 
out tliat tills fact correlates iritli the relative constancy of day lengtli 
throughout the year in the tropics (146). Moving an animal native to 
the northern hemisphere to tlie southern hemisphere or vice versa ini- 
tiates, sometimes after a period of irregular cycles, an adjustment of the 
breeding season and tlie sexual c)'elo to the appropriate fight changes in 
tlie new environment 

Tlie wavelength of the light responsible for initiaUng reproductive 
actirity has been studied in some species. Generally, fight in the far 
red and infrared portion of the spectrum is ineffective, while, at le.Tst 
in die ferret, Oic rest of the visible light spectrum is effective, with no 
selective stimulating effect for any given wave length (147). Marshall 
and Bowden also observed that iiltraWoIct radiation is p.articiilarly effec- 
tive in the ferret (14S). Artificial illtimination from ordinary light bulbs 
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is efiective; in most o£ the studies of domestic animals, the extra hours 
of light have been supplied in this fashion (203). For those mamma s 
in which it has been studied in detail, the threshold intensity of illumina- 
tion necessary to induce stimulation is relatively low. Hammond (106) 
concludes that once a threshold value is reached, the effectiveness of 
light is roughly proportional to its intensity up to a maximum, above 
which further increases in intensity have no greater effect. 

The duration of the extra illumination necessary to bring various 
species into estrus has also been studied. If animals arc exposed to a 
single light interval during each 24 hours, the duration of the exposure 


is roughly proportional to the degree of stimulation, up to a ma.ximum. 
However, other factors are involved. In the ferret, daily small increments 
in the time the animals are illuminated is very effective in bringing 
about the initiation of estrus. On the other hand, if ferrets brought into 
estrus by gradually increasing daily light exposure to 18 hours are then 
subjected to gradual light reduction, they become anestrous when light 
duraUon is 16 hours per day (28). Llght-darkness alteration is another 
important aspect of the stimulus to gonadal activity. A number of e.x- 
periments attest to this fact (103, 115, 129), but perhaps the most 
^araatic are those of Hart (115), who showed that merely exposing 
fenets to an additional hour of Ught in the middle of the night brought 
on reproductive activity with great rapidity. 

It must be admitted that there is relatively little direct proof that the 
endomne effects of light are mediated by the hypothalamus and the 
ratenm P'^'ery, although the circumstantial evidence is considerable. 
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unrelated to the normal pattern (29). Clark and associates studied the 
effect of lesions in the visual system on the responses to illumination in 
ferrets (46). They found that while cutting the optic nerve blocked 
the response, removal of tire entire visual area in the occipital cortex, 
destruction of the superior colliculi or the ablation of all the lateral 
geniculate body except its ventral nucleus did not interfere svith the 
normal response to illumination. They suggest that impulses originating 
in the retina may be transmitted to the hypothalamus via the ventral 
nuclei of the lateral geniculate body and the accessory optic tracts. 
Other investigators have described fibers leaving the optic chiasm and 
tract to enter the hypothalamus directly in the dog (86) and man (117), 
but functional studies of these fibers have not been reported. 

It is true that the pathways involved may be quite different in birds. 
Benoit, in a series of well-known e.xperiments, which were recently the 
subject of an excellent review (23), found that male ducks will show 
testicular development, not only with increased enviroranental light, but 
when light is shined on the optic nerves after removing the eye. He also 
produced increased gonadotropin secretion from the pituitary by shining 
light directly on the base of the brain and the pituitary itself through 
a quartz rod (24). He has concluded, therefore, that light receptors in 
the duck, and possibly in other birds, are located in the brain, and has 
advanced the hypothesis that the receptor element is somewhere in the 
ependymal lining of tlie third ventricle. Although such a mechanism may 
exist in birds, it is difficult to visualize in mammals, because the thicker 
skulls in these animals could hardly admit sufficient light to tliese deep 
regions of the brain. The studies on optic nerve section in the ferret 
(29, 46) rule against a diencephalic receptor in tliis animal. 

Hammond (106) feels that the eye is the receptor in mammals, but 
questions the conclusion that the effect of light reaches tlie hypothalamus 
and anterior pituitary' from the eye by nerr'c pathways. He points out, 
for instance, that section of the optic nerve may destroy important parts 
of the blood supply to the eye and hence the results of optic nen’C sec- 
tion per se are not proof of a neural patliway. Direct proof tliat the 
nervous connections between tlie eye and tlie hypotlialamiis mediate the 
response to increased illumination is tlierefore a problem for future 
research, but tlierc is no real evidence for any otlicr pathway. 

Row.in offered another c.\planation for the mechanism of photo- 
periodic stimulation of the gonads (164). He exposed juncos to an 
intensity of added light not nsualfy sufficient to stimulate growth of 
the testes, in a cage wttlr a rotating bar w'hich periodically sxvept the 
birds off their perches. He found llial tliis procedure produced gonadal 
activation and concluded that "wakefulness" was the important factor 
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in the chain of events leading to gonadotropin secretion. He felt that 
animals exposed to increased illumination were awake for longer periods 
and that some aspect of the awake state was responsible for stimulating 
the hypothalamo-pituitary-gonadal axis. Others have suggested that 
light increases the general level of metabolism in mammals, and that this, 
in turn, activates the pituitary (106). It might also be noted, in tins 
regard, that contrary to the views of Sclyc (182), a release of gonadotro- 
pins may accompany the release of ACTH from the pituitary of the 
stressed female rat (155). However, there is very little evidence to 
support the hypothesis that the gonad stimulating effects of light are 
secondary to some type of metabolic stimulation, or “stress,” and there is 
some evidence against it. Marshall points out, for instance, that ferrets 
used by hunters in fowling become anestrous during the winter, in spite 
of the increased activity involved, but ferrets staying quietly in their 
cages, under conditions of increased illumination, become cstrus (146). 
Fmthermore, in birds, increased activity or forced exercise docs not ac- 
celerate gonadal activation, but light docs, even in birds trussed up 
so they cannot move (27, 160). 
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shown to be dependent on low temperature (200). Other examples of 
the role of temperature and climate are discussed in Chapter 23. 

Some of the components of the reproductive process are apparently 
partly dependent upon visual contact with other animals of the same 
species. This is particularly true in birds. The female pigeon, for ex- 
ample, will not ovulate until she sees another pigeon, although, as 
Matthews showed, she may be tricked into ovulating by seeing her reflec- 
tion in a mirror (149). The presence of other animals may also be 
important in some species of mammals (146, 157). In most species of 
birds, ovulation is related to the number of eggs in the nest. The female 
stops laying after she has laid a certain number of eggs, the number 
being remarkably constant for each species. If an egg is removed from 
the nest each time it is laid, the bird will continue to lay new eggs for 
a prolonged period of time (145). 

Other examples of the importance of environmental extrocepbVe 
stimuli in controlling and adjusting reproductive activity are cited in 
many reviews (106, 145, 146, 203). In the present context, the important 
point is that the activity of both the testis and the ovary of many species 
of animals is modified and regulated by exteroceptive stimuli, presumably 
acting through afferent nerve pathways to the hypothalamus. 

2. Effect of Brain Pathology and Lesions 

Reports of the effects of brain tumors and infections in humans pro- 
vide another important source of evidence for regulation of pituitary 
gonadotropin secretion by the brain. Cases of testicular atrophy in 
the male and amenorrhea in the female associated wtli hypothalamic 
disease but wthout demonstrable involvement of the pituitarj" have 
found their way into the clinical literature for many years. Indeed, 
gonadal atrophy is a common symptom of ventral hypotlialamic disease. 
Bauer recently analyzed 60 autopsied cases of tumors of tlie hypothala- 
mus and found hypogonadism in 19 (13). Next to precocious puberty, 
a condition discussed below, this was the most common endocrine or 
metabolic symptom of hypotlialamic tumor. 

Tlie occurrence of obesity and hjpogonadism in pubescent males was 
described by Frolich in 1904 (see reference 9). There is considerable de- 
bate about tlie etiology of this syndrome, but there is reason to believe 
it is liypothalamic in origin (9). Similarly, the occurrence of severe 
gonadal dysfunction has been reported as a complication of tuberous 
sclerosis and after meningitis and other infections of the basilar portion 
of the brain (13). 

Tlic effects of h)’pothalamic disease in tlie liuman have l>ccn dupli- 
cated by experimental lesions in llic laboraforj'. Aschner (5). Carims 
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and Roussy (42), and Bailey and Bremer (6) were among the early 
investigators who observed gonadal atrophy following lesions of the 
hypothalamus that did not involve the pituitary directly. Since that 
time, the effect on gonadal function of stimulating or destroying various 
parts of the hypothalamus has been extensively studied, and gonadal 
atrophy has been observed following hypothalamic lesions in rats, cats, 
dogs, monkeys, sheep, and a variety of otlier species. Histological 
changes have been reported in the pituitary following such lesions, but 
they seem to be related to altered secretion and are not the changes 
produced by ischemia or direct involvement by the lesion (31, 32). 
Clearly, then, the hypothalamus is involved in the control of piluitar}' 
gonadotropin secretion. 


Other parts of the nervous system are also involved in regulation of 
pituitary gonadotropin secretion. Some of these are involved only lu 
their role as aSerent pathways to the hypothalamus. Included in this 
category are the nerves from the genital region in species like the cat, 
rahbit, and fereet, which ovulate only alter copulation, and id which 
ovulation can be induced by stimulating the cervix uteri with a glass rod. 
Moore and Nalbandovs observations (152, 154) that foreign ^dies in 
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humoral, via substances secreted by the brain and carried in the blood 
stream to the pituitary. 

The first possibility depends on demonstration of a direct efferent 
nerve supply to the anterior pituitary. There are nerve fibers which 
reach the anterior lobe from the cervical sympathetic ganglia along blood 
vessels. Parasympathetic fibers also reach the gland by way of tire 
greater superficial petrosal nerve. Whether or not there are other fibers 
passing directly from the hypothalamus or neurohypophysis to the an- 
terior pituitary via the pituitary stalk has been the subject of considerable 
debate. Cajal (41) originally described a scanty supply of such fibers, 
and Eamussen also found nerve fibers entering the anterior lobe, although 
he felt they were so few in number tliat a secretomotor function was un- 
likely (159). Vasquez-Lopez claimed a more plentiful innervation ( 196). 
Harris reviews the controversy in detail in his monograph, and concludes 
that "the available evidence indicates that the pars distaffs receives very 
few, if any, nerve fibers” ( 112). Friedgood, on the basis of studies in rats, 
has claimed a role for the cervical sympathetic fibers in transmitting the 
“neural stimuli which initiate pseudopregnancy” to the anterior pituitary 
(see reference 87). The studies of Abrams and co-workers (2) men- 
tioned above, also bear on this problem. However, it is now clear that 
pseudopregnancy results from a wide variety of unrelated and possibly 
nonspecific stimuli (190, 194). Furthermore, complete sympathectomy 
does not prevent ovulation in the rabbit or pregnancy in other species 
(see reference 37). 

There is similarly little evidence for and considerable evidence against 
the parasympathetic supply to the anterior lobe being of significance in 
the control of hormone secretion. Thus, although Zacharias produced 
pseudopregnancy by bilateral removal of tlie Vidian ganglion (203), 
Hair and Mezen (104) and Vogt (197) observed normal copulation- 
induced ovulation in tlie rabbit after cutting the parasympathetic in- 
nervation of the pituitary. 

Finally, the question of whctlier or not tliero are direct fibers from 
tlie hypothalamus to the pituitary becomes a bit academic when Uie 
results of cutting the pituitary stalk are considered. This rather comple.x 
subject is discussed in detail below. Tlicre is general agreement, how- 
ever, that simple section of tlie stalk, provided it does not infarct the 
pituit.Try or interfere u-itli its rewiscularization by tlie portal vessels, 
permits a return of normal estrous cycles in a relatively short period of 
time. This intcrv.al is too short a period for regeneration of ncive fibers, 
if such regeneraUon can Indeed be c.iipcctcd to occur from the hspothala- 
mus. Even more consincing arc the experiments of such investigators 
as Creep (97), who actually removed the anterior pituitary from the 
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pituitary fossa and then replaced it in the sella. Many of these animals 
resumed normal estrous cycles in relatively short periods of time. 
type of experiment makes it unlikely that ner\'e fibers to the adenohy- 
pophysis play an important role as far as secretory function is concerned. 

Since control hy nerve fibers is unlikely, the humoral pathway ^ 
comes, by exclusion, the most likely link between the brain and t c 
anterior pituitary. The hypothesis has thus been advanced that the 
hypothalamus secretes into the blood stream “neurohumoral agents 
which pass to the adenohypophysis to regulate its secretion. 

The anterior pituitary is in an excellent position to pick up humoral 
substances from the median eminence of the hypothalamus because or 
the existence of the hypophyseal-portal vessels. Tliese blood vessels, a 
constant anatomical feature in all higher vertebrates (95), arise from 
capillary loops which penetrate the median eminence at the top of the 
pituitary stalk. From here, the blood is channeled into sinusoidal vessels 


which again terminate in capillaries throughout the anterior lobe. The 
hypophyseal-portal system djus provides a direct pathway from the 
median eminence to the hypophysis without going through the heart. 

It is not surprising, therefore, that attention has been focused on the 
portal vessels as a pathway for transmission of humoral substances from 
the hypothalamus to the anterior pituitary. 

The ease with which these vessels may be interrupted by cutting the 
pituitary stalk has attracted numerous investigators. One would expect 
that if the portal vessels were the pathway by which humoral agents 
legulaUng tropic hormone secretion were transmitted from the hy- 
pothalamus to the pituitary, interruption of these vessels would abolish 
normal pituiUry secretion. Unfortunately, however, it has become 
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that valid conclusions can be drawn from stalk section experiments only 
if tlie animal is injected with India ink or some other material to make 
detailed visualization of the portal vessels possible. The hypothalamus 
and pituitary must tlien be removed in one piece, preferably embedded 
in celloidon, and serially sectioned. Thick sections are best for bringing 
out details of the portal vessels. Harris has subsequently performed a 
series of experiments which meets these criteria. He routinely observes, 
in tlie rat and the rabbit, a marked diminution in gonadotropin secretion, 
the picture of the gonads being that of marked atrophy ( 112 ) . 

Unfortunately, it cannot be said that the experiments that meet Harris’ 
criteria are in themselves conclusive proof that the portal vessels are 
tlie essential and only channel for transmission of humoral substances 
from the brain to the anterior pituitary. In a number of species, at least, 
it is extremely difficult to cut the portal vessels witliout destroying the 
pituitary’s own direct arterial supply, because this supply comes to the 
pituitary through arteries running close to or on the stalk. In others there 
is no separate supply (55, 56). Even in tliose species in which stalk 
section can be performed wthout the direct arterial supply being com- 
promised, the procedure acutely deprives the pituitary of a large part of 
its blood supply. It must also be stated that we lack objective criteria at 
present to prove that the pituitary is functioning as it does only because 
of tlie lack of a direct neurohumoral connection to the hypothalamus. 
This being true, it is important to emphasize, not the many cases in 
which the gonads and other endocrine target organs are markedly 
atrophic, hut rather the occasional case in which they are not. In this 
latter group, there are few reported cases following stalk section that 
also meet Harris’ criteria for absence of portal regeneration, but in 
another group of experiments, those in which the anterior pituitary has 
been transplanted to a site distant from the hypothalamus, the number 
is appreciable. 

An animal’s own anterior pituitary or adenohj'pophysial tissue from 
closely related animals may be successfully transplanted. Such trans- 
plants have been obsen’ed to "take” particularly well in the anterior 
chamber of tlie eye and under tlic capsule of the kidney. These trans- 
planted anterior pituitarics obviously have no direct vascular or nm’Oiis 
connection with the hypothalamus. In tlie initial, generally short-term 
experiments with such transplants in h)*pophyscclomizcd donors, marked 
gonadal atrophy was usually reported (43, 50, 83-S5). However, it is 
of the greatest significance that, as time has passed, more and more 
investigators have found redneed but still remarkably high levels of 
end-organ function in animals in wliich the piluilaiy lias been trans- 
planted. Generally, these obscr\*alioiis have been ma<lc on animals with 
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transplants studied for prolonged periods of time. Thus, Fry and Long 
(88) have observed partial maintenance of testicular interstitial tissue 
and seminiferous tubules in one half of a series of rats with transplants 
in the anterior ehamber of the eye; one half of this latter group sired 
normal Ktters. Goldberg and ICnobil have made similar observ'ations, 
summarized in detail in a recently published paper (91). Greer and his 
co-workers, as well as others (101, 180, 181), have also observed a 
remarkably high uptake of radioactive iodine in such animals, and most 
investigators agree that these animals are capable of secreting ACTH 
in response to such stresses as surgical trauma, although their adrenals 
are usually, but not always, atrophic (140). 

How, then, is this mass of data to be interpreted? With improved 
techniques and more experiments available for analysis, it has become 
clear that chronic interruption of the portal vessels and all direct nerv’ous 
connections between the hypothalamus and the pituitary leads to a 
depression in the release of gonadotropins. However, this depression is 
not complete, while the gonadal atrophy produced by hypothalamic 
lesions is as severe as that which follows hypophyseclomy (89). It 
seems reasonable to the present author, therefore, that humoral stimula- 
hon can be brought to the pituitary by the general circulation after the 
portal vessels are interrupted. The humoral agent or agents involved are 
are general circulation; hence, their effects 
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However, there is considerable evidence today indicating that the centers 
concerned with FSH and LH secretion are not entirely coexistent, and 
some preliminary separation of the mechanisms involved is possible. 

The site of lesions producing diffuse atrophy of the gonads is usually 
in or near the infundibulum. Dey and his colleagues thus describe tlie 
lesions wliich caused ovarian atrophy in their guinea pigs (35, 61, 62). 
Ganong et al. (89), and Daily and Ganong (54) found that, in the dog, 
destruction of the posterior end of the median eminence, particularly 
that portion lying immediately aroimd the infundibulum, routinely led 
to a diffuse atrophy of the gonads in the male dog. Others who have 
reported testicular atrophy of a diffuse type usually produced lesions in 
the same area (31, 139). 

Dey and associates (62) first reported data suggesting that the 
centers controlling LH secretion might be at least partially separate from 
those controlling FSH secretion. They observed in the gm’nea pig that 
lesions located in the median eminence “just caudal to the optic chiasm” 
were associated with a state of constant estrus in the female guinea pig. 
This observation will be discussed in more detail in the next section. 
Tlie important point here is that anteriorly placed lesions tend to inliibit 
tlie release of LH, while those located in the infundibular region are 
associated ivith a diffuse atrophy of the gonads. Undoubtedly, therefore, 
FSH secretion is inhibited by the latter lesions. IVhether or not LH 
secretion is also inhibited in the female would be difficult to determine, 
because, in the absence of FSH, follicular development would not occur, 
and an index of LH activity would therefore be lacfdng. In the male, 
on the other hand, selective inhibition of FSH secretion would very 
lihely have little effect on the testes, because LH would presumably 
stimulate enough androgen secretion to maintain spermatogenesis (9S, 
198). Lesions in the infundibular stem of tlie male dog usually produce 
a picture of interstitial cell and tubular atrophy; in all likelihood, tliere- 
fore, botli LH and FSH secredon arc inhibited (57). On the otlier hand, 
in preliminary experiments, Davidson and Ganong (57) have observed, 
in some m.ile dogs witli posterior tuberal lesions, a selective destruction 
of the seminiferous tubules without apparent abnormality of the inter- 
stitial tissue. It svill be of considerable interest to sec if these studios can 
bo confirmed and extended to include data on gonadotropin secretion 
in such dogs. In the meantime, it can only be concluded that infundibular 
lesions cause a diffuse atrophy of the gonads in the female and usually 
in the male. 

It is, of course, true that a high level of circulating blood estrogen 
will inhibit the rcle.ase of FSH. Where the estrogen acts in this "feed- 
back" mechanism remains an unsettled point. It may lie significant that 
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the transplanted pituitary in a hypophysccloinizcd animal fails to develop 
castration cells after removal of the gonads (121), although this fact 
could also he due to ischemia or other damage to the anterior lohe tissue* 
Recently, Szenlagothai has made the interesting claim that anterior h)^)©- 
thalamic lesions in rats, although not causing ovarian atrophy in them- 
selves, prevent the atrophy that usually follows the administration of 
large doses of estrogen (192). Tlie exact location of these lesions is not 
clear, but Greer (99, 100) has noted prolonged ancslrus without ovarian 
atrophy in rats with lesions in the prcoplic area. 

There are numerous studies of the effect of hj'polhalamic slimidation 
on LH secretion, but, by contrast, there arc no reports of such experi- 
ments on FSH secretion. This is perhaps not surprising, since, svithout 
some direct measure of FSH secretion, the only possible way to study 
ims problem has been to look for chronic changes in the ovaries and 
other tissues with chronic stimulation in an ancstrous animal, and no 
successful studies of this type have as yet been reported. 

The available data on the hypothalamic control of FSII secretion may 
be summarized by stating that lesions in the median eminence around 
“r i of ‘ho gonads in tlie 
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hypothalamic lesions in rats, they produced luteinization of tlie multiple 
ovarian foUicIes m tliese animals by LH mjecbon (195) These workers 
have, like a number of investigators before them, noted an associabon 
bebveen hypothalamic obesity and constant estrus, but neither condition 
was prerequisite for the other 

The problem of the mechanisms controlling LH release has been 
studied m the rabbit Ovulation in this animal occurs only after copula 
bon The act of coitus in some way causes a release into the bloodstream 
of pituitary “ovulabng hormone” (75, 175), most of the available evidence 
mdicates that this *1iormone” is predominantly LH This release from 
the rabbit pituitary is clearly related to afferent nervous sbmulabon It 
can be produced by sbmulabon of the cervix uten ivith a glass rod How* 
ever, genital sbmulabon is not specifically necessary to brmg on ovula- 
tion Thus, ovulabon \vill occur follo^vmg coitus after local anestliesia 
of the vagina and neighbormg regions (76) It can also occur after a 
great variety of sensory receptors have been destroyed Brooks (36, see, 
however, 201) showed that neither removal of the olfactory bulbs nor 
destrucbon of the vesbbular apparatus and cochlea would block copula- 
bon induced ovulabon Blmdmg is also ineffecbve In tlie cat, another 
species which ovulates only after coitus, complete sympathectomy does 
not alter the response (37). It appears probable, therefore, tliat many 
sbmuh converge on the hypothalamus, and that no one afferent pathway 
is cnbcal to the acbvabon of the brain centers conbolhng LH release 
Ovulabon can be induced in the rabbit by direct sbmulabon of the 
hypothalamus, a fact first reported by Harris (107) Apparently this ef- 
fect IS not due to tlie sbmulus spreadmg to the anterior pitmtaiy cells, 
because prolonged sbmulabon of the antenor pituitary with higher 
voltages Aan those used to sbmulate the hypotlialamus did not produce 
ovulabon, except in a few animals (108, 142) As Hams points out, 
the fact that direct pituitary sbmulabon produces LH release only ^vith 
difficulty IS also evidence against tlie response being mediated by 
nerve fibers ending in the antenor lobe Tins is true because, presumably, 
if small nerve terminals were reaching antenor lobe cells, tlicy would 
be activated by stimulabng current applied to the pituitary, and LH 
w ould be released Hams tliereforc advances this fact as another piece 
of evidence in favor of a humoral rather than a neural link between the 
hypothalamus and tlie pituitary (112) 

The experiments of Markce, Sawjcr, Ilollingshcad, Everett, and 
Ihcir co-workers have also supplied important information about the 
mcchmisms responsible for the release of ovulating hormone m the 
rihhit and the rat (142-141) Tlicse workers have studied in detail 
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the action of various dnigs in both stimulating and inhibiting ovailalion 
in the rabbit. 

The observation that copper acetate injected intravenously will in- 
duce ovulation in the rabbit was originally reported by Fevold ct al. (78). 
Markee and his co-workers added cpincplirine to the list of agents 
causing LH release, although it required huge doses in the previously 
atropinized animal to produce the effect (142). Brooks and his co- 
workers showed that copper acetate was ineffective after section of the 
pituitary stalk (38). This view was subsequently challenged by Sawyer 
and Markee (169), and whether or not copper acetate, particularly in 
large doses, can act directly on the pituitary is unsettled. Clearly, how- 
ever, the other agents that produce ovulation, particularly metrazol and 
pictrotoM, act primarily on nervous tissue and there is no known evi- 
dence of a direct pituitary-stimulaUng effect for these drugs. The pro- 
duchon of LH release and ovulation by the injection of epinephrine in the 
requiring large doses ot this material, is of 
possibility that this substance might play a 
role in the normal mechanism. ts x ' 
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applied directly to the median eminence— in which case ovulation is 
produced, despite drug blockade (166). Thus, the final common path- 
way to the pituitary presumably passes through the median eminence. 

Everett, Sawyer, and their colleagues have also investigated the role 
of neural factors in a spontaneously ovulating species, the rat. Working 
with strains of animals which had an estrous period of remarkably 
regular lengtli, Everett et al. (72) found that they could predict tliat their 
rats would ovulate at 4:00 a.m. on tlie morning following the day of pro- 
estrus. Dibenamine or atropine administered behveen 2:00 and 4:00 p.m. 
of the day of proestrus would postpone ovulation for one day, and if tlie 
drugs were administered repeatedly, ovulation could be delayed for 
many days. If the drugs were administered before 2:00 or after 4;00 P.^r., 
they were without effect. Therefore, some critical event during 
this 2-hour time interval must have been inhibited. The event pre- 
sumably lasts 20-35 minutes and precedes LH release by hour (71, 
74). Critchlow (51) reports increased electrical activity of the hypo- 
thalamus at this time. Subsequently, it was shown that Nembutal given 
during this critical period on the day of proestrus would also inhibit 
subsequent ovulation even though the dose of Nembutal was sufficient 
to produce no more than mild ataxia (73). These studies have been the 
subject of an excellent review by Everett (69). Morphine, chlorproma- 
zine, and reserpine were also effective blocking agents when given in 
this fasliion (10--12). Finally, ovulation can be induced in the Nembutal- 
blocked rat by electrical stimulation of the median eminence (50). Tims, 
even in spontaneously ovulating species, LH release depends on the 
activity of the brain. It appears clear, therefore, that the release of LH 
in the rabbit and the rat, and presumably in other mammals as well, 
is controlled by a neuroendocrine mechanism integrated in the 
hypothalamus. 

E. Control of Vrolactin Secretion 

The factors controlling prolactin secretion have been less intensively 
investigated than those controlling the secretion of the other gonado- 
tropins. Hypothalamic lesions do not seem to alter its output (6S), and 
there is other evidence that the secretion of prolactin is independent of 
the h)pothalamus. It has even been suggested tliat the hypothalamus 
functions to inhibit the secretion of this substance (70). It has been 
observed that following section of tlic pituilarj' stalk for advanced mam* 
niarj* carcinoma in humans, the breasts may enlarge and actual lactation 
take place (103). Tliis occurs in the absence of pregnancy. Its occur- 
rence is difficult to explain, but might be related to an incre.'ised secretion 
of prolactin. 

In rats, Everett transplanted the pituitary under the c.apsulc of the 
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kidney. He found that animals witli such transplants had rather severe 
atrophy of the gonads. However, one week of estrogen therapy in these 
rats was followed by evidence of prolonged progesterone secretion ( <0). 
He suggested from these observations that the transplants secreted pro- 
lactin in relatively large amounts. It is possible, therefore, tliat prolactin 
is independent of hypothalamic control, or that it is indirectly inhibited 
by the hypothalamus through the control of FSH secretion. A high level 
of FSH secretion thus leads to a large production of estrogen from tlie 
ovarian follicles, and this estrogen then inhibits the release of prolactin. 
The relationships between estrogens and prolactin secretion are com- 
plicated, however (82), and further experiments in this field are 
necessary. 

There is some evidence that oxytocin stimulates the release of pro* 
lactin from the pituitary (49). This mechanism has been invoked to 
explain the well-kno\vn fact that suckling is necessary for prolonged 
maintenance of the mammary gland in a secretory state. Shibusawa and 
lus colleagues (185-187) also feel that oxytocin is a neurohumor respon- 
sible for gonadotropin release. 


F. Summary. The Regulation of Anterior Pituitary Gonadotropin 
Secretion 
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castrated at birth showed cyclic changes. Accordingly, the idea has 
become prevalent that the presence of the testis induces an irreversible 
change in the pituitary of the male. 

The results of Harris and Jacobsohn (113) force a reconsideration of 
this hypothesis. These investigators transplanted pituitary tissue to hy- 
pophysectomized female rats from their own young. One to four weeks 
after transplantation of this tissue under the median eminence die female 
rats began to cycle normally. The results were the same whether the 
donor fetus was male or female. More important in terms of Pfeiffer’s 
results, pituitary tissue from adult, litter-mate males also supported 
normal estrous cycles in the recipient hypophysectomized females (112). 
Accordingly, the difference between the secretory pattern of the pituitary 
in the adult male and female is not inherent, but must be due to some 
other aspect of the environment in which the tissue exists. 

Whatever the ultimate determinant of the pattern of pituitary secre- 
tion may be, it is clear from the evidence discussed in the preceding 
sections that the h)^othalamus is of great importance in the regulation of 
gonadotropin secretion in both the adult male and the adult female. 
The secretion of FSH, and probably of LH as well, is inhibited in both 
sexes by lesions in the infundibular region of the median eminence. LH 
secretion in the female may also be selectively inhibited by lesions in the 
ventral anterior hypothalamus. Conversely, stimulation of the hypothala- 
mus electrically, or with certain drugs, leads to LH liberation. LH secre- 
tion may be inhibited by drugs which act on the nervous system and 
have no known direct action on the adenohypophysis. This inhibition 
may be observed, not only in animals which ovulate only after copula- 
tion, but in cyclically ovulating species as well. 

How the admittedly important feedback mechanisms from the gonads 
to the pituitary fit into this pattern of neural regulation is as yet unlmown. 
Another pressing problem is the isolation and chemical characterization 
of the proposed neurohumors. It is clear, however, tliat the ncivous 
system is intimately involved in the mechanisms controlling pituitary 
gonadotropin secretion, and thus, in the regulation of the secretory' and 
gametogenic functions of the gonads. 

III. MA'nxc Behavior 

Mating behavior may be legitimately divided into two components. 

It includes, first, activity consequent to the urge to copulate— the interest 
in or drive to suxual congress. Secondly, it includes the act of copulation 
itself, which in turn is made up of an integrated colleelioii of refio-ses 
and reaction patterns, including the necessary postural adjustments, the 
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pelvic thrusts in the male and the lordotic adjustment of the pelvis i 
the female, erection, ejaculation, and orgasm. 

The reflex arcs and the centers in the nervous system controlling the 

. .■% _K1- 


The reflex arcs and the centers in the nervous system controlling the 
motor patterns of the sexual act have been studied in considerable detail. 

It is known, for instance, that most of the postural adjustments for coitus 
are integrated at the spinal level in bodi the male and the female (9). 
Thus, after spinal cord transection, stimulation of the genitalia in the 
male dog leads to erection and pelvic thrusts, while in the female, perineal 
stimulation produces elevation of the pelvis. 

In the human, erection may be initiated by purely psychic stimuli, 
but the reaction is primarily a reflex one, initiated by genital stimulation 
and integrated in the sacral segments of the spinal cord. The efferent 
pathway is parasympathetic. The motor fibers pass to the genitalia in a 
relatively well-defined bundle, and since these fibers are also involved 
in ejaculation,^ the bundle has come to be called, rather appropriately 
the nervus engens.” The vascular engorgement is produced by closure 
of the so-called small sluice channels” within the corpora cavernosa, 
accordmg to some investigators (136), but the main factor involved is 
arterial dilatation mth consequent compression of venous drainage { 118). 
iidem“ i»“.,‘™ " “ initiated by stimulation of the glans, the 
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important factor in transporting sperm from the vagina to the Fallopian 
tube (80). The subject of neuroendocrine posterior pituitary reflexes 
involving tbe female reproductive tract is discussed in more detail below. 

The reflexes and reaction patterns discussed above are independent or 
only indirectly dependent on the presence of sex hormones. They are, 
of course, part of the total act of procreation, and normally occur in an 
integrated fashion. It is possible to dissect out the various components 
only by such techniques as destroying various parts of the nervous sys- 
tem. However, the motor activity and reflexes per se have little biological 
meaning except within the broader framework of sexual behavior. This 
term, as used here, refers to behavior related to reproduction in general, 
but also particularly to the occurrence of sexual desire. In tlie male of 
most species this desire or "rut" is generally present throughout the year, 
although it waxes and wanes with the seasons to a varying degree (145). 
In subprimate females, on the other hand, acceptance of the copulatory 
advances of tlie male is limited \Wth amazing strictness to a definite 
period of the sexual cycle. This period of heat or estrus is the most 
prominent feature of the sexual cycle and that for which the cycle is 
named. 

One of tlie striking features of se.vual behavior is the dependence of 
normal mating reactions in both sexes on the presence of testicular or 
ovarian hormones— androgens in tlie male and estrogens in the female. 
Tile specificity and extent of this dependence has been the subject of 
spirited debate in the past, and still evokes considerable discussion 
among students of the problem. It is true, of course, that primates have 
become largely emancipated from this dependence, and man is almost 
totally free of it, at least when castrated in adultliood (15, 157). In some 
species of carnivores, and particularly in the male members of tliese 
species, the effects of castration develop slowly, and parts of the normal 
copulatory reactions may persist indefinitely (16, 93). Generally speak- 
ing, however, \Wtli few exceptions, castration of adult subprimate mam- 
mals, other vertebrates, and birds eventually leads to a general depres- 
sion, and often to the disappearance, of normal mating behavior. Further- 
more, administration of testosterone to the castrated males and estrogen 
to the castrated females of these species is associated with a return of 
scwial interest and copulator)' behavior (16). 

Although estrogens are effective if given in large doses to almost all 
species, tlicrc is some evidence that progesterone is also important in 
hringing the female into heal. Dempsey reports, for instance, th.il al- 
though estrogen produces heal irregularly in tlic guinea pig, mouse, and 
hamster, a course of estrogen followet! hy progesterone prwliices it 
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consistently, and Hammond feels that progesterone is probably necessary’ 
in the ewe and the cow {see reference 59 and discussion following). 

It is apparent, of course, that the hormones must be acting on some 
sort of neural substrate to produce their effects on sexual behavior. One 
plausible dieory is that they act to channel the animals interests and 
energies into sexual activities. Grunt (102), has noted that castrate male 
guinea pigs show nondirected hyperactivity, and that this activity is re- 
duced in direct proportion to the extent that a given dose of testosterone 
tends to restore copulatory activity. Beach has made somewhat similar 
observations on rats (17). Since the steroids are acting on a substrate, 
it is not surprising that factors other than the agents themselves are 
important in determining the response. Thus, Young (204) has empha- 
sized, in the guinea pig, the importance of genetic factors, stimulation 
froin the presence of other animals, and particularly, some previous ex- 
perience in sexual activity. He states that the latter factor is also im- 
portant in the dog, the cat, the chicken, and the chimpanzee. The rat 
u an exception in that the castrate male needs no previous experience 
beat excellent copulatory performances after androgen 
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one quarter as active as progesterone (40). Tliat these compounds were 
effective in large doses is hardly surprising, since it is a general property 
of the steroids tlrat while they have one action to a major degree, they 
have others to a lesser extent The ability of the adrenal and ovarian 
steroids to inhibit ACTH release is an e.xample of this phenomenon 
(176), as is the comparative mineralocorticoid activity of the various 
steroids in the body, from aldosterone through hydrocortisone to proges- 
terone (94). 

Another factor of importance in determining the action of a particular 
hormone on mating behavior in the castrate animal may be the age at 
which the animal was castrated. Green and co-workers have recently 
completed an extensive study of sexual behavior in the cat (96). As a 
part of that study, drey compared the response of male and female 
kittens to stilbesterol and testosterone rvitli that of postpubertal castrate 
males and females. They noted that in the prepubertal animals, both 
male and female, testosterone led to aggressive, boisterous play, with 
occasional neck gripping and similar activities that might be considered 
part of the sexual act. Stilbesterol in both sexes produced tail deviation, 
treading, and, in some cases, the crouched position typical of the copu- 
lating female. By contrast, testosterone, as well as stilbesterol, adminis- 
tered to the ovariectomized adult female brought on heat; botli sub- 
stances induced copulatory activity in the castrate male. They conclude, 
therefore, that prior to puberty the sex hormones have actions on be- 
havior specific to the type of hormone admim'stered, but tliat after 
puberty the response is specific to the sex of the animal. These observa- 
tions are of considerable interest, but the doses of hormones used by 
Green and his eolleagues were large, and it is obvious from the factors 
mentioned in the preceding paragraph tliat generalizaKons about other 
species would be unwise in tlie present state of our knowledge. 

The actual physiological mechanism by which the gonadal hormones 
produce their characterisUc behavioral effects is unknown. Beach (16) 
has suggested four general possibilities: (1) an indirect effect through 
some action on the organism as a whole; (2) an effect through mainte- 
nance of structures, such as the genitalia, nccessat)’ for particular re- 
sponse patterns, or (3) maintenance of peripheral receptor mechanisms; 
and (4) an action on the integrative function of tlie centr.al nen’ous 
system. There is no concrete eiodence to support tlie first possibility. 
The second and third may play a minor role in particular aspects of 
beluavior (19, 20) but tlicre is ample cwdence that se.xual desire and 
copulatoiy behavior can occur in many species in tlie absence of the 
genitalia and after complete dcners’ation of the pelvic viscera (S, 9, 36). 
Similarly, madng, as well as oxailation, occurs in many species after 
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removal or destruction of a great variety of sensory receptors (9, 36). 
The last possibility, an action on the central ncr\'oiis system, thus 
remains as the most likely explanation. 

There has been considerable study of the parts of the brain involvei 
in mating behavior. The areas responsible for the occurrence of heat 
in the female cat, guinea pig, and rabbit have been particularly studied. 
In 1940, Bard reviewed his own and other investigators’ research on this 
problem (9). He pointed out that in the spinal and decerebrate female 
cat only the reflex patterns of copulation were present. Such a prepara- 
tion shows no interest in the male. Conversely, removal of the entire 
cerebral cortical mantle does not markedly depress the female’s willing- 
ness to accept the male. He thus concluded that there was a center, 
somewhere between the colliculi and the cerebral cortex, which had to 
be intact for estrous behavior to occur. 


Bard pursued this point further by destroying various parts of the 
diencephalon. For these studies, he used estrogen*treatcd castrate fe- 
male cats. He found that when he destroyed the brain anterior to the 
mammillary bodies, the cats were still willing to accept the male, but 
that when the brain destruction included the mammillary bodies, het>‘ 
bur "ff' mid-hypolhalamic electrolytic lesions, 

arenrof f^/ lesions on estrous behavior was variable, similar 

Tod in ofbf. ru"”® essooiated in some animals with loss of heat 
ts \vi^ Its persistence. Dempsey and Rioch (58 60) used 

de^Siti^k '’’® They found that 

tX^ad n^ T, n'r '’'® P®'"'*""'- “"h destmetion of the septal 
of.be mLmrnl bo , '®"'®'® Decerebration in front 

whereas decereWionbeh ''rrtl.''*”®"^ effective in abolishing heat, 
experiments led tn tViP h ^ ™3mniillary bodies usually was. These 

P?s. Jofe hltsX- m'idSr 

Ranson and **^0111^10^135'''^^ 61 Brookhart, Dey, 

effect of anterior hypothalamic l», ’ Their experiments on the 

guinea pig have been discussed in 'If secretion in the 

'ary secretion. They also ohserv .3 • “®'*?" ™ "emal control of pitui- 
anterior hypothalamic lesions di.l ®.®'*“' their animals that some 
associated svith an absence of malif kZ“®.® atrophy but were 

In subsequent studies, tliey found in f c '?®.^ 'h® female guinea pig. 

and ovarian hormones in thdr nnim.i" . f ‘ejection of anterior pituitary 
^havior (34), and that lesions of in "'f 'esions did not restore mating 
mduMd estnis (54). Sawyer ami n LP'‘“‘'®'T did not block hormone- 

smail anterior hypothala*c ifil ■ have also found that 

lesions the cat block the occurrence ef 



NERVOUS SYSTEM AND REPRODUCTION 


209 


heat, even after estrogen-PMS treatment. Tliese investigators found an 
essentially homologous area in the mammillary region in the rabbit. 
There is also some evidence for such a center in the rat (44). 

Recently, Clegg and associates have made similar observations in 
the ewe (48). They found that lesions in the anterior hypothalamus near 
the median eminence routinely abolished estrous behavior in ewes. Some 
of these animals had ovarian atropJiy, but others appeared to be releasing 
pituitary gonadotropins in normal fashion. Apparently, therefore, tlie 
female sheep, like the female guinea pig and cat, requires an intact center 
in the anterior hypothalamus for estrous behavior to occur. 

The concept of a specific brain center regulating estrous behavior 
has been criticized by Herbert and Zuckerman (120). These investi- 
gators suggest that the "stress” of die lesion, regardless of its site, is 
responsible for observed changes in reproductive activity. This is a 
possibility but it seems somewhat unlikely. In the sheep experiments 
cited above, the animals with lesions which did not block the response 
continued to cycle regularly, and sometimes mated the day after opera- 
tion. Absence of mating behavior occurred only in those Nvith a common 
area of destruction in the ventral anterior hypothalamus (47, 48). 

There are apparently no studies of the effect of electrical stimulation 
of the diencephalon on sexual behavior. Such studies would be of con- 
siderable interest, and would help to settle the question of the specifi- 
city of the effect of lesions on estrus. A clinical observation of Beattie’s 
may be germane to this subject (45). He calls attention to the occur- 
rence of open, repeated masturbation for short periods postoperafively 
in usually circumspect, proper ladies who have been subjected to neuro- 
surgical procedures involving the anterior h)'pothalamus. He suggests 
that this may be a stimulatory effect. Finally, Kent and Liberman liave 
produced estrous behavior in estrogen-primed hamsters by injecting 
small doses of progesterone into the lateral ventricle of the brain (127). 
Harris obtained conflicting results with injections of stilbesterol into the 
brain of rabbits (112), but tlie approach is a fascinating one and descrv'es 
further use witli modern techniques for localized injection. 

It seems fair to summarize research on brain centers related to c.slrous 
behavior by stating that the bulk of the evidence to date supports the 
concept of a hypothalamic center concerned with heat in most of the 
species studied. Without this center heat docs not occur, but wlicn it is 
present, tlie entire brain anterior to it can be removed without abolish- 
ing the response. 

Tlie male animal has been less studied, and the problem is more 
complicated. Beach, in an often-quoted paper, performed p.irlial decorti- 
cations In the rat and found that the degree to which sc.xual activity 
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was inhibited was correlated with the amount of cortical tissue remove 
(14). Surprisingly, the effect had no relation to the particular pJirt ® 
the cortex removed. Recently, Beach and. his colleagues have repeatc 
these experiments in cats (21, 22, 93), and have found that in these 
larger animals this generalization breaks down. Tlius, damage to tiie 
frontal lobes in the male cat tends to diminish sexual performance, but 
the defect is mostly due to loss of agility. Extensive removal of other 
areas is generally not effective, although completely decorticate animals 
will not mate. Beach’s generalization that sexual behavior is dependent 
on the cortex in the male dms seems still valid (159), but it must be 
modified to include the work of such investigators as Brookhart and his 
colleagues. These workers observed diminished mating activity in the 
male guinea pig following lesions in the ventral anterior hypothalamus 
(33). Clark mentions decreased sexual activity with hypothalamic lesions 
in rats (44), and Goldstein cites similar results in experiments by Rogers 
on the hypothalamus in male tats in Beach’s laboratoiy (93). 

HiUarp has reported that small lesions in the preoptic area of the 
hypothalamus induce a temporary stale of hvmersexual behavior of a 
male tjTpe in both the male and female rat (123). This effect lasts only 
tor a few hours and may well be a sUmulatory effect due to irritation 
around the lesion, rather than an effect of the lesion per se. Where 
Si* pattern of the mechanism regulat- 
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that the area of destruction common to animals with hypersexuality is not 
in the amygdaloid nucleus, but next to it, in the pyriform cortex. They 
also failed to observe changes in the sexual behavior of the female after 
lesions in this region. Their experiments confirmed the observation of 
Schreiner and Kling that castration of the male cat with lesion-induced 
hypersexuality eventually aholished this activity. These interesting and 
important observations on the relationship behveen temporal lobe cortex 
and sexual behavior in the male cat contrast with the previously men- 
tioned observation that removal of all the cerebral cortex in the male 
cat abolishes mating activity (18, 21, 22, 93). If the latter results are 
specific, and not secondary to debility, they suggest that a cortical 
center with an effect on sexual activity opposite to that of the pyriform 
cortex must exist. Thus, removal of tire cortex near the amygdala leads 
to hypersexuality, while removal of the entire cortex also removes the 
hypoAetical opposing area, and absence of copulatory activity, ratlier 
than hypersexuality, results. Possibly, then, the state of se.xual interest 
in the male at any given time is due to the balance struck between these 
Uvo centers of opposing function. Since such a balance mechanism is 
involved in the regulation of appetite and also in the adjustment of body 
temperature, the idea is not without precedent. 

Tire studies reported to date on localization of tlie brain areas essen- 
tial for mating behavior may be summarized by stating that in the female 
of most of the species studied, a hypothalamic “sexual center” exists 
which must be intact if heat is to occm. There is some evidence that a 
similar center is involved in the regulation of sexual appetite in the male 
but, unlike the female, the male apparently requires an intact cerebral 
cortex for sexual behavior to occur. Removal of the periamygdaloid 
pyriform cortex in tlie male cat, monkey, lyn.x, and agouti results in 
hypersexual behavior, but because complete decortication results in 
hypo- rather than hypersexuality, other corh’cal areas must be involved 
and tlie details of the cortical regulation of se.xual activity must await 
further research. 

IV. Tim Onset of Puberty 

In addition to the part it plays in llie endocrine and bchaWoral aspects 
of reproduction, there is evidence that the brain m.iy be responsible 
for tlie initiation of puberty. Tliis csTdence is based on the occurrence 
of precocious sexual maturity in cliildrcn with tumors or infections of the 
dicnccphalon. Tlie e.xperiments performed by nature in these patients 
have not as yet been duplicated in the research laborator)-, but their 
implications are far-reaching. 

Sexual precocity is a not uncommon condition in humans. It may 
occur at any age before normal maturity; cases of regular menstruation 



212 


^\^LLIAM F. GANONG 


in 2-year-old girls have been reported. The syndrome is well described 
in a recent monograph by Jolly (126). Growth of pubic hair and other 
manifestations of sexual maturity may occur in association with a par- 
ticular t)pe of ovarian tumor (the granulosa cell tumor) or with adreno- 
cortical disease, but true puberty— that is, puberty including spermato- 
genesis in the male and ovulation in the female— is not present in these 
cases. On the other hand, a sexual maturity that is normal in every 
respect except its age of onset may be found in association with brain 
tumors or infections. In certain other cases, no associated pathological 
process can be detected. 

These latter cases with the “constitutional” or idiopathic form of 
the syndrome are admittedly diagnosed by exclusion. It has been sug- 
gested that they merely represent extremes in the normal scatter of die 
time of onset of puberty. The paUents in whom no cause can be found 
are more frequently girls than boys, but cases do occur in males, and 
nofi ^ genetic etiology, have been reported 
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hand, pineal tumors usually grow posteriorly into the region of tlie falx 
cerebri, and thus very rapidly produce posterior hypotlialamic coinpres- 
sion Therefore, their endocrine effects may well be secondary to their 
effects on the hypothalamus Kitay rejects this point of view, but his 
evidence agamst it is indirect Furthermore, he has no explanation for 
tlie occurrence of precocious puberty m association \vith discrete tumors 
and other disease processes stnctly localized to the postenor hy- 
pothalamus 

It has been clearly estabhshed by experiments such as those of Foa 
(81) that gonads from immature animals transplanted into adults func- 
tion in the adult manner, although there is some evidence that gonads 
from immature animals are less sensitive to gonadotropin than gonads of 
the adult (150) Furthermore, tlie pituitary in the prepubescent animal 
has a high content of physiologically active gonadotropins (189, 191, 202), 
yet urinary gonadotropm secrebon is low Tlierefore, the lack of puberty 
appears to be due to a failure of the pituitary to secrete gonadotropins 
The previously menboned experiments of Harris and Jacobsolm (113) 
indicate that this failure of the pituitary to secrete is not due to some 
pecuhanty of the prepubertal pituitary These workers were able to 
induce estrous cycles in hypophysectomized female rats by transplant 
mg the pituitanes from male or female fetuses, and cychng commenced 
before the transplanted bssue would have been expected to reach 
matunty 

Swingle and his collaborators (191) studied tlie effect on sexuil de- 
velopment of sfimulafmg the uterine cervix e/ectncaffy in young rats, 
because such shmulation causes pseudopregnancy and hence, presuma- 
bly, gonadotropin hberabon in tlie adult animal The sbmulabon did 
accelerate sexual maturabon Mandel and Zuckerman (141) have ob- 
served an accelerabon in the bme of vaginal opening in rats exposed 
to cold, and interpret their results as being due to a hberabon of gona- 
dotropin caused by “stress ” This may be true, but in the case of pre 
cocious puberty in humans, it must be a minor factor, since otlicr 
chronic stresses do not accelerate the onset of a sexual maturity m 
humans 

Recently, two groups of ini esbgalors haie reported tint hypothalamic 
lesions m female rats accelerate the date of xaginal opening and first 
cstrus (32a, 6Sa) There is some difference of opinion on the actual 
location of the cffcctuc lesions in these reports Gcllcrt and Gnnong 
(S9a) ha\e confirmed the fact that liypotlnlamic lesions accelerate the 
onset of puberty in female rats Tliey find that the most effcctne Jesfons 
m this respect are in the posterior hypolli ilamus, just in front of the 
xnatniTulIary bodies Lesions m the tlnhinus and the cerchril cortex 
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also accelerate the onset of vaginal opening to a slight degree, suggesting 
a nonspecific “stress” effect, as proposed by Mandel and Zuckerman 
( 141 ) . However, it should be emphasized that this acceleration is slight 
when compared to the marked acceleration produced by posterior hypo- 
thalamic lesions. 

Summarizing, it may be stated that a variety of pathological processes 
involving the pineal gland or the posterior hypothalamus are associated 
wth the onset of precocious puberty in children. This puberty is normal 
except for its time of onset. In animals, it is known that the gonads 
can respond to gonadotropin, and that the pituitary has a high gonado- 
tropin content before puberty. Transplantation experiments indicate that 
when properly stimulated, the pituitary in such animals can secrete. Ac- 
cordingly, the possibility that the brain somehow regulates the time at 
which puberty occurs is worthy of further investigation. 
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hand, if oxytocin release were important in the onset of normal parturi- 
tion, one would expect that removal of the posterior lobe of the pituitary 
or stalk section would cause abnormal labor. Harris has reviewed the 
effect of such operations on labor (112), and altliough some instances of 
abnormal labor have been observed, most of the studies are negative. 
Furthermore, normal delivery has been observed in humans with diabetes 
insipidus (30) ‘and in patients in whom the spinal cord has been com- 
pletely transected. Clearly, therefore, the role of oxytocin-releasing 
neuroendocrine reflexes in parturition is unsettled, but the problem de- 
serves further study. 

That reflexes integrated in spinal centers may also be important in 
initiating and maintaining labor is shown by the occurrence of prolonged, 
abnormal labor in animals in which the lumbar spinal cord has been 
destroyed (125). The afferent pathway for these reflexes is unknown, 
but it is an old suggestion that pressure of the fetal head in the human 
on the pelvic visceral nerves and, particularly, on the so-called “cervical 
ganglion” (136) of the sympathetic system may be important. On the 
motor side, the uterus has both sympathetic and parasympathetic nerves. 
Stimulation of its parasympathetic supply induces uterine contraction. 
On the other hand, delivery can occur after complete denervation of the 
uterus (188). 

From the above, it is obvious tliat an integrated picture of tlie action 
of the nervous system in controlling labor is impossible at present. How- 
ever, any theory of the mechanism controlling labor must take into 
account the experimental evidence showing a possible role for the 
posterior lobe of tlie pituitary and the spinal cord. 

■yi. IjACtation— Neobal Factobs 

Another aspect of reproductive physiology in which tlie nervous sys- 
tem plays an important role is lactation. The physiology of lactation is 
considered in detail in Chapter 16. However, no discussion of the role 
of tlie nervous system in reproduction would be complete ivitliout men- 
tioning the neuroendocrine refle.x controlling “milk-letdown”— tlie ejec- 
tion of milk from tlie alveoli and mammary ducts. This subject has 
been reviewed a number of times, most recently by Cowie and 
Folley (49). 

In recent years, it has become apparent tliat oxytocin is neccssar)' for 
milk to be released from the breast (49, 112). Apparently, tills hormone 
causes contraction of tlie myofibrillar)' elements in the alveoli and duct 
walls, witli resultant squeezing of tlie milk out of the nipple. Tlie 
stimulus tliat initiates ox)’tocin release at tlie appropriate time is suckling, 
and the afferent patliway begins in touch receptors in tlie nipple and 



216 


WILUAM F. GANONC 


areola. Sensory impulses thus set up are relayed to the paraventricu ar 
nuclei of the hypothalamus. The neurons in these nuclei, in turn, sen 
impulses down their axons in the supraoptico-hypophyseal tract to t e 
posterior pituitary and stalk region, effecting the release of oxylocm 
into the hlood stream (53). The oxytocin acts on the breast, and mil' 
squirts into the waiting mouths of the young. 

There is probably some concurrent release of vasopressin during 
suckling (52), but evidence has begun to accumulate that the paraven- 
tricular nucleus is primarily concerned with oxytocin secretion, and the 
supraoptic with the release of vasopressin (1, 3). Recently, Olivecrona 
has shoNvn that paraventricular lesions in rats lead to selective loss of 
oxytocin from the posterior pituitary without any marked change in 
vasopressin content (156). 

The neuroendocrine reflex controlling milk secretion is thus one of 
the best worked out of the many mechanisms involving the integrated 
action of the nervous and endocrine systems in the regulation and con- 
trol of reproductive phenomena. 
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I. Introduction 

Numerous factors have combined to stimulate research on the cstrou 
cycle and the factors influencing it in the cow. The economic imporfanw 
of the cow and the losses incurred as a result of lowered fertility 
cattle have been major factors in this development. Tlie application 
artificial insemination techniques on a large scale has necessitated t ic 
development and widespread dissemination of basic knowledge con 
cerning the processes of reproduction in the cow. Because ovulation 
occurs after the end of estrus and the status of the ovary can he de- 
termined by rectal palpation, the cow is an excellent experimental 
animal for studies on the mechanism of ovulation. The literature con- 
cerning the estrous cycle of the cow is voluminous and no attempt wh 
be made to cite all of the studies. 

Our knowledge of the estrous cycle, nevertheless, is limited in at 
least three major areas. Little is known concerning tlic exact levels o 
any of the hormones secreted at specific times during the cycle. Tl’® 
exact mechanism of ovulation is still imperfectly understood, and rein* 
lively little information is available on how the oviduct performs its 
functions. 

It. The Nature of the Cycle 


A. Puberty 

Age at first estrus in the bovine is marhedly influenced by breed 
the Rrif' "Ubiuon. In a recent study, Sorensen et al. (167) £oun‘> 
tilers raM “ ‘"'"age age of 49.1 weeks in Holstein 

Heifers raised on \ ^ ‘"'trients recommended by Morrison 
” n o «tns 1^9% of ihe medium level, 

“urCil at avlf “S"- <>‘^1 "trus did not 

of feeding amounting heifers raised on a low level 

ported first estrus 'Z 

heifers of the Swedish RpH ’i ® "'^"ths of age 

60. 80, 100, and 120% of a i raised on levels of 40- 
also repotted earher maturiiv " ^ respectively. Joubert (10^) 
heifers of several breeds. feeding levels in 

indicating that crowth-inhihiUn ^ ° ‘ presented evidence 

hood sMurs incresased the age at inbreeding and calf- 

individual variations^Lt* “®^ted by nutriUon than age, but large 
heifers raised on hich medhiTn weight at first estrus of Holstein 

S . medmm. and low planes of nutrition (167) were 
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596, 597, and 532 lb , respectively Weights at first estrus among heifers 
raised on the high level of feeding ranged from 394 to 934 lb Skeletal 
measurements at first estrus were less variable The average height 
of withers at first estrus for heifers on tlie three descendmg levels of 
feeding was 42 7, 44 3, and 44 6 in The average body lengtlis at first 
estrus were 48 5, 50 0, and 49 0 m for the high , medium-, and low fed 
groups, respectively Heifers grown on feeding regimens similar to the 
high level ‘should be bred for the first time at the second estrus and 
heifers on a medium-feeding level should be bred at the second or 
third estrus (167) 

B The Length of the Cycle 

Man) authors have studied tlie length of the estrous cycle m cows 
and heifers There is general agreement that the modal lengtli for 
heifers is 20 days and 21 or 22 days for cows (7, 26, 27, 130, 139, 150, 
175) The mean cycle lengtlis reported vary from 20 23 it 233 for 
heifers and 21 28 it 3 68 for cows to 324 days (139) 

The percentage of cycles longer than 24 days is reported to be as 
low as 13 (150) and as high as 45 (139) Estimates of the percentage 
of cycles less than IS days in length range from 2 2 (175) to 6 8 (139) 
Olds and Seath (139) reported tliat the repeatability of c)clc length 
is extremely low (r = 0069) The repeatability of breeding efRcienc) 
estimated from data on the regularity of estrus was found to be 0 18 and 
tlie hentabihty of breeding efficiency based on the same criterion uas 
only 0 05 (Pou et al , 145) 

C The Length of Estrus 

Estrus IS tlie interval during which an animal xvill stand when 
mounted by another cow or a bull Other manifestations of estrus, such 
as the flow of clear mucus from the \Tilva, swollen lips of the vaiha, 
restlessness, bellowing and attempts to mount otlier females arc too 
\ariable to be used alone as criteria for detecting estrus Some licifcrs 
show all of tlicse signs of estrus for 12 or more hours before they will 
stand when mounted b) another animal, other heifers exhibit practically 
none of them as late as one hour before they will stand when mounted 
Asdoll (6), sumimn/mg the available dat i, concluded that the mean 
duration of estrus w»as 13 6 hours with a standard deviation of 3 9 hours 
but more recent studies indicate that this figure should he re\iscd up- 
ward to IS or 19 hours Tnmbcrgcr (172) reported heiftrs in cvtnis for 
an average of 153 hours and cows for 17 S hours A ri'cent senis of cx 
pcrumntv (84 S3, 89, 103), m which heifers were cliecletl for the 
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beginning and end of cstrus at 2-bour intervals, showed the a\eragc 
length of estrus in normal heifers to he approximately 18 hours. Marion 
et al. (119) found the average length of cstrus in heifers, cheched for 
the beginning of estrus at 12-hour intervals and the end of cstnis a 
2-hour intervals, to be 21.1 hours. Trimbcrgcr and Hansel (li-l) ° 
tained an average figure of 19.3 hours for mature cows checked for tne 
beginning and end of estrus at 2-hour intervals. Wiltbank cf oL (l"'^/ 
recently reported an average length of cstrus of 21.1 hours in Angus 
heifers checked at 2-hour intervals. The range in length of cstnis ^'arics 
from about 6 to 30 hours in most studies, with a standard deviation of 
approximately 4.0 hours. 

Branton ef al. (31) have reported that the average length of estrus 
is only 12-13 hours in cows in a subtropical climate, and that lb® 
average length of the cycle is only about 17 days. 

Rottensten and Touchberry (152) find real differences among heifers 
in the degree of expression of heat; these differences have a heritability of 
approximately 0.21, However, it was concluded that ratings for the 
degree of expression of estrus are of litUe or no value in selecting for 
an increased conception rate. Melampy et al (127) suggested that, 
following conditioning with estrogen, sexual receptivity in the cosv 
may be due to progesterone produced during the period of the pre- 
ovulatory development of the Graafian follicle. 

D. The Time of Ovuhtion 
' (6) summary, ovuIaUon in the cow occurs on 
n wn L f Subsequent studies, 

by Ot estrus aud the time of ovulation were determined 

oLraUcTw m irb "’'^‘“IP^Vaons at shorter time intervals, place 

reports ovulation in cows\rarm ho'”'* "'a Trimherger (172) 

the end of estrus. Ma^™l r 

heifers. In each of a series figure of 9.9 hours for 

mechanism of ovulaUon in the “"ducted to study the 

11 to 12 hours after the end ot ‘hue of ovulation was 

determined by rectal ualnaiinn Ovulations were 

and iaparotomios were nerform”! “^®™ls in these experiments 

Ischbacherctd. (iTalso^l ““y as a further check, 

lor the end of estrus and ovrfaUon alTh”' 

Hansel (174) report an averarre L I Trimberger and 

end of estrus for normal mahL d hours after the 

(195), the average time from ^^®°rding to Wiltbank et ah 

® end of estrus to ovulation in Angus 
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heifers, checked at 2-hoiir intervals, was 9.2 hours. A standard deviation 
of about 3 hours was found in most experiments with a range of 2 to 
22 hours. 

The time of ovulation has been altered by several different methods 
in the cow, and these will be discussed in detail in connection \vith 
the hormonal regulation of estrus and ovulation. 

E. Time of Breeding 

Since the average length of estrus apparently is 18 to 19 hours and 
the average time of ovulation 10 to 11 hours after the end of estrus, 
it might be expected that the conception rate would be suboptimal in 
cows bred during the first 5 hours of estrus, due to a reduction in the 
fertilizing capacity of tlie sperm by the time of ovulation. Trimberger s 
data (172) indicate that this is so, but Vandeplassche and Paredis (184) 
obtained pregnancies in cows inseminated before the beginning of 
estrus and Aschbacher et al. (4) have reported fertile inseminations as 
early as 34 hours prior to ovulation. The latter authors also obtained 
pregnancies as a result of insemination as late as 14 hours after ovula- 
tion. In Trimberger’s studies (172) only 31.7^ of 60 cows bred after 
ovulation conceived. He observed a reduction in fertility in cows bred 
at either the second or sixth hour prior to ovulation. If this reduction 
in fertility in cows bred shorty before ovulation is real, it suggests that 
bovine spermatozoa develop a capacity to fertilize, i.e., become "capaci- 
tated” only after spending about 6 hours in the uterus or oviduct. This 
has been shown to be true for rabbit spermatozoa by Chang (44, 45) 
and by Austin and Braden (9). Interestingly, bull seminal plasma is 
more effective than either rabbit or human seminal plasma in damaging 
the fertilizing capacity of previously "capacitated” rabbit spermatozoa 
(46). 

A reduction in die fertility of cattle bred shortly before ovulation may 
also be related to a limitation in the number of sperm reaching the 
upper part of the oviduct by the time of ovulation. Van Demark and 
Moeller (182) have shown, however, that some sperm reach this area 
within a few minutes after insemination. The entire question of sperm 
"capacitation” and transport in the bovine needs further study. 

In practice, the time of insemination appears to be of importance 
in artificial breeding operations. Bearden (13) found a 60-90 day non- 
return rate of 64.1% for cows not turned out for detecting estnis during 
tlic winter months as contrasted to percentages of 69.5 and 70.4 for 
cows turned out once and twice daily. The nonreturn rate in herds 
of 10-29 cows was 70.3% while in herds of 60 or more cows it was 
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65.67o. These differences arc probably related to better timing of lO 
seminations resulting from more accurate information regarding cstri^ 
in the smaller herds and the herds turned out more frequently. A 
recent survey by Foote (138) indicates that the current recommenda- 
tion to inseminate cows in the afternoon if in cstrus Uiat morning, or 
before noon if in heat the preceding afternoon results in adequate fer- 
tility under practical conditions. Experience gained in studying o large 
number of herds with breeding problems indicates that heat periods are 
often missed because dairymen do not watch their cows closely enough. 
On the other hand, many cows are bred too soon because the inseminator 
is called before the cow comes in “standing” cstrus. 


F. The Thenomenon of Metestwus Bleeding 
Metestrous bleeding occurs at 1 to 3 days postcslrus in about 
of the cycles in young heifers and in about 50% of Urn c>'cles in mature 
cows (86, 108, 171). It can occur even before the end of cstnis. Tlic 
lower incidence of metestrous bleeding in mature cows may be related 
to the fact that the endometrial arterioles arc more highly coiled in 
older cows than in heifers (83). The uterus is the source of the blood 

end as a result of capillary 
sSer n*®’ o«“TOnce of the bleeding is unrelated to 

estrouroLod associated 

cows coSt S f 

bliding in heifer? otarieclo f^' 

estrus. Ovarieetomv at^rerT ^ P'’!*' 

metestrous bleeding. Metestroiis^H 

ovariectomized heifers by tr^ataent ® “ 

and eombinaUons of hormones even th^ hormones 

gens in the hood after estrus ann.^ *®ugh the declining lev'el of estro- 
involved (86). of the hormonal factors 


Estunl???"'"''’'’ Po^on-h-on 

h estms in dairy ratU^ranSd? ‘"terval from parturition to 

0. 175). Estimates oftL f 69 days (27. 34. 47. 98. 

nge from 51 to 80 days (77 iikI .1, interval in beef cattle 

this inlcrs-al is quite variable and 'ib?' egiee that the length 

abo agreement that some cm... endometritis prolongs it. There 
“"-s ovulate one or more b'mes before 
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showing signs of estrus for the first time after parturition (41, 173). 
Clapp (50) found the interval between calving and first estrus to be 
considerably longer in cows milked three and four times a day and in 
nurse cows than in cows milked twice a day. Casida and Wisnicky (41) 
reported a long interval (60.4 days) and a high incidence of “quiet” 
osTjlations (68%) in cows milked tliree times daily. These observations 
may be of some significance in the light of newer knowledge of the 
mechanism of ovulaHon, to be discussed in a later section. 

Estimates of die^erage time necessary for involution of the uterus 
after calving range frc^ii 26 to 47 days (34, 37, 41). Level of production 
appears 40 have little influence on the lengtli of time from gilj<14ir^ion 
to first estrus (98, 140). Buch e{ al. (34) found cows cahmig in “fee 
summer montlis returning to estrus sooner tlian cows Cim'ing in the 
svinter montlis, but Herman and Edmondson (98) noted mo effect fof 
season of calving. IVamick (185) reported that beef cWs caly/ng 
late in tlie spring returned to estrus sooner tlian cows calving'“earlier, 
and that age of the cow at calving had no effect on the interval be- 
tween parturition and first estrus. Herman and Edmondson (98), work- 
ing with dairy cattle, found tlie longest interval in first calf heifers 1.5 
to 2.5 years of age and the shortest interval in cows 2.5 to 7f5*tars of 
age. The length of the interval increased again in cows over 7'^ars of 
age. Buch et al. (34), however, reported that the uterus involutes faster 
in primiparous than in multiparous cows. 

According to Olds and Seath (140) tlie repeatabilit)' of first estrus 
after caiving is 0.29, and the heritabih'fy 0.27, but IVarnick (ISo) re- 
ported a repeatability of only 0.06 in beef cattle. A repeatability of 
0.19 for the postpartum interi'al in dairy cattle was reported by Chap- 
man and Casida (48). 

Numerous studies (48, 64, 102, 160, 173, 181) on the fertility of dairy 
cattle bred at various intervals after calving indicate that a minimum 
interval of 50 days is necessaiy’ for satisfactory fertility, and that it is 
probably unwise to breed dairy cows sooner tlian 60 days after calving. 
Similar results have been found in beef cattle (113, 185), 


III. Changes i.v Retuoductis'E and ENDOcniNE Ougans nuniNG tiie 
' Cycix 

^A. Anatomy of the lieprodiictice Tract 

The anatomical features of the bos'ine reproductii'c tract has'C been 
described in detail by several authors (S, 151, 164), and will be con- 
sidcred only briefly here. The major parts of the tract arc shossTi in 
Fig. 1, Volume II, Chapter 3. 
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Tho^ane., .n aud.iion lo producing ova, pmducc l.ormoncs cond 
UonSgThTlccssory reproductive organs, bringmg l.c cow into cst , 
and rcguktmg Ac course of pregnancy, at least m rts 
Usually only one follicle ruptures and one ovum is liberated a 
of ovulation but multiple ovulations sometimes 

sheds the ovum in about e07o of the estrous cycles (51, 1“*“*- j’ , 
average weight is larger than the left ovary, even in calves (Jb, lai;- 
Apparently, ova arc rarely lost into the ahdomina^cavity in the cow, 
since fertilized ova have been recovered from thc-o\1^uct 3 days a 
breeding in 97% of normal heifers bred to higugferfility hulls ( 

As {CTtili?ation occurs in the ovarian llnr<l of the hvuluct, sperni trans 
porjt IS u'^ajor function of the oviduct. Some sperm reach the ovarian 
eniS'of the-bviduct within a few minutes after insemination (182) h) a 
m^lmmsu^incompletely understood. After fertilization, the oviduct 
tran^pdftv^the dividing ovum lo the uterus, a process usually requiring 
about* 4 days. 

The uterus must furnish nutrients to and remove the waste products 
from the growing fetus. Because implantation does not occur until about 
the 30th day of pregnancy (128), these functions are complex. Further- 
more, ^hy uterus must accommodate the tremendous growth occurring 
in the Bovine fetus prior to parturition. The bovine uterus consists of 
two cornua which merge into a relatively short body of the uterus, and 
the cervix uteri. The luminal surfaces of the uterine horns are charac- 
terized by caruncles arranged in four rows which, during pregnancy, 
serve as sites of attachment for the fetal placenta. 

The cervix uteri usually consists of four folds of dense connective 
tissue covered by mucus-secreting epithelial cells. The opening of the 
cerN’ix into the anterior vagina is referred to as the os uteri. The vagina 
and vulva comprise the remainder of the reproductive tract. The ex- 
ternal urethral orifice opens into the ventral surface of the vulva, and 
just ^rosterior to this point the suburethral diverticulum, a blind sac, is 
tound. ^rtner s ducts open into the vulva just lateral to the urethral 
onfice. Tlie ducts from the vestibular glands open into the vulva pos- 
terior and lateral to Gartner’s ducts. The clitoris, the homolog of the 
perns in the male, is located ^ 


just anterior to the lips of the vulva. 


"’««»rcd various parts of 'the reproductive tract 
cm . its “S''' '•“S'” (eluding vulva) , 17.2 

oT ri2®?, erin 7“' m7'’ ™8'’' 3^0 cm,; length 

r.Rl.t otenne horn, 39.6 cm.; length of left oviduct. 20.7 cm.; and 


length of right oviduct, 20.7 


cm. Sorensen cf al <.167) reported average 
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lengths of 22.5, 22.6, and 23.3 cm. for the oviducts, uteri, and vaginas of 
64-week-old heifers. 

The uterus is attached to tlie abdominal wall by the broad ligament, 
or mesometrium. It receives its blood supply from the middle uterine 
arteries. The ovaries receive blood from the utero-ovarian arteries 
which may anastomose witli the middle uterine arteries in the broad 
ligament. A branch of the internal pudic artery supplies the vagina and 
the cer\ncal region of tlie uterus (83). 




Tlie bovine ovary consists of a cortex of connective tissue stroma, 
in which the follicles containing the ova are imbedded, and a medulla 
containing connective tissue and many blood vessels. The dense layer 
of connective tissue underlying the surface is called the tunica albuginea. 
The arterioles entering the hilus of the ovary are remarkably coiled (83). 
The surface layer of flattened cells is called the germinal epithelium. 
It has been suggested that ovogenesis occurs from this layer in the 
adult animal, but recent work by Mandl et ah (116) indicates that 
this does not occur, at least in the rat Brambell (30) has reviewed the 
problem of whether or not ovogenesis occurs in adult mammals. 

Many atretic follicles are found in tlie ovaries of prepuberal heifers 
(167). Hoflinger (101) observed typical atretic follicles consisting en- 
tirely of connective tissue elements and atypical atretic follicles contain- 
ing lutein cells in the ovaries of calves during tlie first montli of life. 
Follicular growth decreased at 3 months of age and then increased until 
shortly before sexual maturity. 

After puberty is reached, the primary follicles, consisting of an ovum 
surrounded by a single layer of epithelial cells, begin the development 
wliich will eventually culminate in ovulation. The follicle grow’s by a 
multiplication of this single layer of cells surrounding the ovum and 
by a special development of tlie surrounding connective tissue cells, the 
theca. The theca develops into bvo layers, interna and externa. Tlie 
theca interna cells are believed to be the source of estrogenic hormones. 
Tlie single layer of cells surrounding the o\aim proliferates and these 
granulosa cells secrete the follicular fluid which results in the formation 
of an antrum in the follicle (Fig. 1). The cells surrounding the ovum, 
known as the cumulus oophorus, eventually become separated from the 
granulosa cells lining tlie cavity of the follicle. The follicular fluid con- 
tains some of the estrogens secreted by the theca interna. It has a 
protein content of 4.05 to 5.60^, and contains 39-43 mg. per 100 ml, 
of glucose, 12-95 mg. per 100 ml. of lactic acid, and 0.8-3.0 mg. per 
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100 ml. of ascorbic acul (115). The proteins contained in the follicular 
fluid arc qualitatively, but not (piuntitatively, similar to those in t k 
blood serum (35). 

The follicle grow.s rapidly during the 3 days prior to estrus. Some 
average figures for the diameter of the largest follicle found in the 
ovaries of 4S-80-\vcck-old Holstein heifers are a.s follows; 1—1 days post- 
estms, 13 mm.; 5-8 days poslestrus, 11 inin.; 0-13 days poste.strus, M 
mm.; and 18-21 days postestrus, 20 mm. (91). 


fund*!™ I" 

rupture of the follicle walHs concerned m th< 

fluid is probably only one of lV,^f T’ folUcula 

decrease in follicular tpnes • i. involved. Actually, there i5 i 

palpation of the ovaries at™ "oHceable on recta 
After ovulation a P"” ovulation, 

follicle, forming a clot (1261°'Th”* escapes into the empt 

filled with droplets of a vr>lln». i- ® cells enlarge and becom 

Strands of connective tissue fr form the corpus luteun 

tissue from fte theca invade the clot and some ■ 
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these cells are probably transformed into lutein cells There is still 
some question as to whether this transformation occurs (30). There is 
also some diversity of opinion as to whether the granulosa cells undergo 
mitotic divisions in the developing corpus luteum (30, 126, 143) The 
corpus luteum secretes progesterone, which prepares the uterus to re- 
ceive the fertilized ovum and is essential for the maintenance of 
pregnancy. 

Hansel and Trimberger (87) noted that the nuclei of the granulosa 
ceUs become densely chromatic and the cytoplasm vacuolated in heifers 
in estrus and prior to ovulation, and suggested that these changes might 
be related to an increased secretion of progesterone prior to ovulation — 
an idea that receives some support in that progesterone is found m 
bovine follicular fluid near the time of ovulation (61) 

The corpus luteum increases in size until about the 16th to 18tli day 
of the cycle and then decreases in size shortly before the cow returns 
to estrus Some average figures for the diameter of tlie active corpus 
luteum in tlie ovaries of Holstein heifers 48-80 weeks of age are as 
follows 1-4 days postestrus, 8 mm , 5-9 days postestrus, 15 mm , 9-.13 
days postestrus, 18 mm , 14-18 days postestrus, 20 5 mm , and 18-21 days 
postestnis, 12 5 mm In tlie event of pregnancy the corpus luteum 
persists 

Sykes et al (169) and Moss et al (132) studied alkaline phospha- 
tase activity and glycogen distribution as affected by the estrous cycle 
Alkaline phosphatase is present in both the tlieca and granulosa layer 
in the primordial follicle As the follicle develops, the phosphatase m 
the granulosa decreases and that in the theca increases, so that m 
medium to large follicles none is seen in the granulosa In preovulatory 
follicles, phosphatase reappears m the granulosa, and tlie concentration 
in the theca declines Phosphatase in the ovum is limited to tlie nucleus 
The zona pellucida also contains a heavy concentration of phosphatase 
The corpus luteum contains large amounts of phosphatase until the 
13th day of the cycle, but little or none is present m later stages of the 
cycle 

In the developing follicle, glycogen is found in the ovum and m 
the cumulus oophorus and the granulosa It is absent in the theca 
Luteal cells do not contain gl) cogen 0\anan structures which contain 
phosphatase do not contain glycogen concurrently A la}er of phospha- 
tase rich tissue frequently inters ones between the circulation and struc- 
tures containing gl) cogen 

Cysts of various sizes have been noted in bovine corpora lutca 1)\ 
several authors, who considered them either as a normal stage of dc- 
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velopment (79) or as an almornuil condition of little conseqvicncc ( ^ 
Recently, however, McEntcc (125) has found a surprisingly Ing i 
cidence ( 129 ^) of luteal cysts over 1 cm. in diameter in nonpregnan 
cattle sent to slaughter. No cystic corpora lutca were found in pregnan 
cows. Cows with cystic corpora lutca often have cstrons cycles of no^a 
length, and this condition may he a more important cause of inferliht). 
especially that due to early cmhry'onic mortality, than has been general ) 
recognized. 

Foley and Grecnstcin (67) classified the cells of the bovine corpus 
luteum into five types accurately identified by cytological characteristics. 
Type I is described as an immature cell, while Type II cells have rcaclie 
their maximum size and development. Types III, IV, and V represent 
progressive stages of regression. Attempts are being made to relate 
the percentages of these various cell types to the previous breeding 
history of animals from which the corpora lutca arc obtained, 

Tlie color of the bovine corpus luteum is described as changing 
brown to bright yellow between the 5lh and 14th days of the cycle, 
after which it becomes orange by about the 20th day (79, 109, 126)‘ 
During involution it becomes a brlck-rcd color. 


C. Chnnges In the Oviduct 

Although the bovine oviducts have been studied by several investiga- 
tors (114, 150, 167, 187), less is probably known about how they func- 
tion Uian for any other part of the bovine reproductive tract. 

ihe wall of the oviduct consists of an outer serous coat, a muscular 
layer made up oflongitudinal and circular unstriated muscle fibers, and 
thf. Jhe ovarian region, or fimbriated portion of 

ine folcir T mucosa is thrown into many project- 

trirL " ‘I- The uterine 

miniature uterus^ muscular avail and in cross section resembles a 

The number” of Ihese “vered with cilia, 

traded nuclei a„T “ uter us is app roached. E'- 

Tlicy arc most numerous in ih “"m from the epithelial cells. 

epithelium oTtU fimtaZr I'" 1 

maximum hoicht ( 35-47 \ i the o vid ucts_reaches ds 

lowest (21-38 lO at 8-0 shortly after estrus, and is 

•he epi.helium'r’a„get‘Ltl^^^®9- 

utcnis, are 7-10 ii In lpn,rtt i 'vhich beat toward the 

I length dunng estrus and 5-8 p at other stages ol 
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tlie cycle The e\trusion of nuclei into cytoplasmic projections is maxi- 
mal at about 9 days postestrus The changes m the mucosal epithelium 
of the middle portion of the oviduct are similar to those m the fimbriated 
segment Cjchc changes have not been noted in the utenne segment 
of the oviduct 



Fig 2 Mucost of th" ovarnn end of Uic oviduct of t lieifcr slaughtered at the 
21st daj of the cstrous C}clo and pnor to the beginning of cstrus ISole the cx- 
Inulcd nuclei Magnification X 550 


D Changes in the Uterus 

Tlic unll of the bo\ine uterus consists of a thin outer H)cr (the 
pcnmelrmm), a thick muscular li\er (the m\ometrium), composed of 
an inner circular and an outer longitudinal smootli muscle la^cr, and 
an inner lining (the endometrium) 
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1. CJmnges in the Emlomctrium 

The endometrium consists of ctmiicctivc tisstic elements (stroma), in 
which the uterine glands arc intcrspersetl, and the epithelial lining, 
which covers the luminal surface of the uterus. The uterine glands arc 
branched, coiled, and tubular, and arc lined with columnar epilhclinm 
(Fig. 3). They open on the surface of the endometrium, except in t ic 
caruncular areas. The stroma hcncath the epithelial layer consists of a 
narrow layer of dense connective tissue and a deeper layer of loose 
connective tissue. The caruncles are composed of dense connective 
tissue with numerous coiled arterioles, and are covered by the epilhelia 


layer. 

The endometrium in young heifers is shallow and contains fc" 
glands. As se xual maturi ty is approached, the endometrium thickens ^ 
and the glands become more numerous. At thelimc~or first^cslMsHF^l 
surface^phhe^um incrc ases-from^aboot 14 to 3 6 jt and the ghmdukll v 
cpi5ieliumTffoniJBIt074i_(J£Z.). 

There is general agreement that Ihe'cndomclrial epithelial 

cells are tjall during p rocstr us and estru s. As'a result '^'actiYejSCcretion 
a^hortl ^aft^ejtrus. theTi^coroeJbw.and cul)oidfll-by- 2 _d ayt 

po stestms (7, 52, 150, 186, 187). Follo wing the formation of the 
lut^ m, th^ j^ ht of these cells i ncreases, reaching a juaximunijit^the 
cycle. The nuclei are elongated and basally 
situateT^mgestrusTandTS^ 

' .t Herman (187) and Skjerven (163) 

Uidicd the alkaline phosphatase activilj^of the surface epithelial cells, 
lase TT v;3tfc mnd-d„-rin^id.evde . Little or no phospha- 

arahne nh aTthc and end of the cycle. The 

kl m V ‘h^'rarallels the activity of the corpus 

al™t mche — showed a 

in largest amonnls at nroestr us 
late when phoSiliat~"^?'~*’~-"'~™“— Glycogen seems to accumu- 

snrfa^eTpa'Ssvrro Iv"' " ^ 

All authors agree that the P“ “trus and 2 days proestrus. 
the time^Lsatru® (7, S’ IMl ■~°--^".^-SLa.. relative ly_stoight al 
co me more c oiled at 2 davs rj,'., . ^ “>.£lSw,_sccret!:^andj!e- 

sccretory actWuT^ilhe increase in comple.xily and 

tholium reaches iu ma,^. ^ ‘7':le. The glandular epi- 

this glandukrr hypertrophy l^s ^ H'e 8th day. BetTogression of 
No distinct eyefc variLL in SefallT'' the^thday 

glycogen distribution has ^ phosphatase activity or 

glandular epithelium (1^3. 
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165), but alkaline phosphatase is always present in the fibrous sheatlis 
of die glands 

Vascular congestion and ed ema are observable in die strom a several 
daj s before the o nset-of-estrus,- By the beginnin g of estnis the stroma 
has become extremely edematous, thus the cells and~connective tissue 
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elements become widely separated (7, 52, 57, 150). The vascular con 
gestion and edema subside by Ibe second day aflcr^cstrus, and bemor 
rhage beneath the surface epithelium and erythrocytes in the surface 
epithelium, indications of melestrous Weeding, may he obsers'cd at this 
time (86, 186). The vascularity and congestion of the superficial stroma 
is increased again at the 8th to 10th day of the cycle, Init ven' JhliL- 
extravasation occurs at this time. 

Skjerven (165) fovmd neutrophils in the superficial stroma and sur- 
face epithelium a few days before, during, and after estrus, hut fount 
practically none at other stages of the cycle. Tlic numher of cosintv 
phils in the stroma was quite variable and unrelated to the stage of the 
cycle. The num^r of plasma cell s an d mast cells in the stroma in* 
creased with advancing age of the ammal. Ma^ cells were always 
present in an area 75-100 g beneath the surface epithelium; the highest 
numher was present during the follicular phase of the cycle. 

The cow differs from other species studied in that large amounts of 
alkaline phosphatase are found in the endometrial connective tissue 


stroma. The amount of phosphatase activity in the stroma increases 
directly with the increase in density of the stromal cells and fibers, and 
shows cyclic variation only to the extent of fiber density variation within 
the cycle (133). The presence of phosphatase activity in the stromal 
libers of the uterus seems to depend on an association with the endo- 
metrial glands. Glycogen is found in the upper endometrial stroma, 
.r from sfrortly after estrus 

''f "’’■‘o'" ffmo Skjerven (165) reported 
tn iN is disappearance of stromal glycogen corresponds 

to Us reappearance in the surface cpithcli,™, ^ ^ 


2. Changes in the Myometrium 

mewi™ onilp^'^''' ^todied the length of the cells in the myo- 

grot^n^rdTdtlnCf ■ “‘1 repo^UhaUhey, 

remainder of the CTCle~Tj; genK:-pha5e_andjJecte ase during _tly 

»ptcer„r.he uterirtrn?:„ire>:^^^^^^^ 

the cow were cadometrium and myometrium in 

-tcrioles se'ingte Asde^' (^^)- 

lenoles in ltl-16-month-ol(l heSf * *''**^^ coiled. The endometrial ar- 

artcriolcs in mature cows ^ essentially straight, while similar 
differences in the endometrial 

c>cle could not he detected T1 , ” . associated with the estroiis 
by small, T-shaped, coiled muscle layer is supplictl 
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r Changes iii the Cervix 

The changes in tlie mucosa of tlie cervix during the cycle ha\ e been 
described in detail by Cole (52), Roark and Herman (150), Hammond 
(79), and Herrick (99) '^he epithelium of the external annular fold, 
which IS fairly representative of that in other areas of the cerxix, is 2 or 
3 cells deep dunng proestrus The superficial layer at this time consists 
of wide goblet cells between which compressed nuclei are often seen 
In the body of the glands only a single lajer of cells occurs, some of 
these are narrow, indicating that mucous secrefaon has already started 
The stroma is loose, cell-poor, and slightly edematous at this time 

During estrus the epithelial cells are tallest (5-24 p), and their nuclei 
are arranged witli tlieir long axes perpendicular to the basal membrane 
Mucus is present in the deep cetaacal glands and secretion is active 
(Fig 4) 

At 2 da)s postestrus tlie jieig ht of t he^uperficn l layer is reduced 
in many areas, and the nuclei are either oval or flattened The^ stroma 
has become more dens e 

A t 8 to II da>s postestru s tlie epithelium is composed of a single 
Ia\ ei of low columnar cells w ith oval, basal nuclei The epithelium takes 
on a ragg ed a ppearance and tlie cells no longer conta in mucu s The 
stioma IS dense and shows no sign of edema 

r Changes in the Vagina 

Mucous secretion begins in the cervLx durin g proe strus and progresses 
toward the posterior portion of the vagina where mucus secreting cells 
are obsened for the first time at 2 days pos^triis (52) The changes 
occurring in the mucosa of the anteiior vagina during the cjcle re 
semhle those in the cervix*^ Large, mucus-secreting cells make up the 
supcrficnl epithelium du ring p ro estnis and estr us '^The _ la 3 cr s of cells 
m this area are reduce d from 3 or 4 dunng proestrus to 1 or 2 durin g 
estrus, and are increased t o 3 or 4 again 2 da_ 3 s_j >ostcst rus At 2 dajs 
postestrus the cell s arc culxndal a nd rag ged an d at 8 to 11 days post- 
estrus th e epith eluim js xacuolalcd and appears d egenerate m chan ictcr 
(6 S, 52, 79, 150) D esquama tion Ins not been obsened in t hisji ortion 
o f th e y agiua 

^The y agin \\ epithelium near the urethra is irregular m depth through- 
out the cycle, vaning from 4 to 33 cell layers Dinaiigji^otstnis (Fig 5) 
the epithelium consists of small, comP ic t cells an d smal l c pltlul iil 
follicles fillwl with lymphocyte’s are frequent The supcrficnl cells are 
poKhedril rather than squimoiis in t\*j)e During estrus the average 
epitluhil cell height mere iscs to as much as 54 ji, as compTred to the 
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46 li found during proestrus. The straluiri germinativum becomes 
pronounced and the nuclei have tbcir long axes perpendicu ar o 
membrana propria. Lymphocytes and leucocytes are present m 
epithelial layers. 



alxml SI u \lio ‘‘P'dielial c ell he i ght in creases markedly to 


.\t to --i!LJ>,mphDcr^tcs ana ieucocytcsji_i^ 

tt» tH-coiTu- of c pilhojium tend 

Sin.v tla^mrrio; d^H^o^.r. 

aT«l tr.H- cnri,ir.c;Uiaii d^s miiciis-secreting ceUs, 

vnrar «t th<- tw cannot^"’ surprising to find that the 

H? Mseil to diagnose accuratelv the stage 
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of the cycle in the cow as in otlier species (52, 79, 82, 134, 198). Hansel 
et al. (82) described vaginal smears aspirated from the cervical end of 
tlie vagina during estrus as cont aining many leucocytes, s ome large. 
roun d epithelial cell s, and very few cornified cells. At one day postestms 
tile smear consisted largel y dF~ roun d, nucl eated epithelial cells. Few 
leucoe^s_and_few_cQriiified_cells_iyece_pi:fisent in tlie smear from the 
2n d to the 9th d avJ At abou t the 9th day the pe rcentag e of cornified cells 
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G. Vaginal and Ccrcical Secretions 
The physical and chemical properties of the vaginal and cer\^ical 
secretions of the bovine have been studied in some detail. Scott Blair 
et al. (22, 23, 24) and Roark and Herman (150) studied tlic flow-elastic- 
ity of cervical mucus in an instnimcnt designed to measure the recoil o 
a sample of mucus in a capillary' l«l>e after pressure was released. They 
report that recoil is maximal at the beginning of cstrus and declines 
during the estrous period. During dicstrus the cer\'ical mucus shows very 
little flow-elasticity. The volume of mucus, its water content, and 
surface tension decline from the beginning to the end of estrus. The 
nitrogen content of mucus on a dry matter basis is low at estrus ( l-2‘/c) 
and rises ( 6 -IQ 70 ) at mid-cycle. Scott Blair (24) and Glover (12) 
also studied the consistency,- fiow-bircfringence, and infrared and ultra- 
violet absorption spectra of cervical mucus. An ultraviolet absorption 
peak at 278 mp was found in mucus from pregnant cows and ovariec- 
lomized cows treated with estrogen-progesterone but was hardly OTcas- 
ura ) e in^ cows in estrus or estrogen-treated ovariectomized cows- ^ 
charactcristie infrared absorption band found only at the end of estrus 
and a few days afterward was also reported. 

A fernliko pattern formed by cervical mucus on drying that is charac- 
'’il!' activity has been reported for the 

tainedfrom Pa'*“n occurred in cervical mucus ob- 

oeTur ! ‘o about 9 days postestrus. It did not 

was rnaximir ^ ® when the activity of the corpus luteum 

(ir) the ferntl- ^ pregnancy'. Interestingly, in the stiidv of Bone 
w«.'cvs«e ™ ™ aa'a^aal muons from 13 cow^ 

gestcrone or the '"Sgesting either a subnormal output of pro- 

lutca T^nrte '’’a- abnojal corpora 

a test for pregnanTf „ £ “ aaeuratc to be useful as 

fnlness as an indiralor of thrreta™ sufficiently to test its ose- 

lerone Wing sceretcsl during the cycle of estrogen and proges- 

b-iiistivelv studicd^sc'ero-^vl’”']! and in vitro, has been c.\- 

tlie saginal secretions i„ dco is^i •’em'an, 150). Tlie pH of 

seeietions after tliev are remo ‘''a PH of tlie same 

and in rilro detenninations sb^- ‘v' ‘'"a‘ (1-43). Both in vivo 1 
s^tnis, the munis Ixx-ominR more all'l-"''' P^ “acurs in early ) 

do not appixi, i„, k more alkaline .a, cstnis progresses. There : 
:bv cade. Cersical .ntiVsi, '^'“"gas in pH associated with 

nine is little it anv reUtiim W T“'a acid tlian vaginal mucus. 

Irudity. ■ "'’■’’’'•'“■an pH of the vaginal seerctions and 
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The chemical composition of vaginal mucus has not been studied 
extensively It appears to contain a mucopolysacchande-protem com- 
plex (29, 129) Roarh and Herman (150) obtained color reactions for 
boMne mucus characteristic of glycogen, peptide linkages, and the 
ammo acids tyrosine, cystine, tiy'ptophan, and phenylalanine 

Olds and Van Demark (142) reported the composition of vaginal 
mucus obtained from the cervical area to have an average dry matter 
content of 24%, of which 42 6% was ash and 18 0% ether extractable 
material The total nitrogen content was 0 IS g per 100 ml and reduc- 
ing sugars amounted to 16 1 mg per 100 ml The following average 
concentrations (mg per 100 ml ) were found Na, 170, K, 166, Ca, 11 3, 
P, 15, and Cl (as NaCl), 526 The data, although based on limited 
numbers, indicated an increase m potassium concentration of the vaginal 
mucus durmg the luteal phase of the c)cle, and an increased calcium 
concentration near estrus 

H Uterine and Oviduct Fluids 

Olds and Van Demark (141) also studied bovine uterine and om- 
duct fluids Uterine fluid during luteal stages contained 400 million 
epithelial cell nuclei per milliliter The dry matter amounted to 8 4% 
of the uterme fluid and 13 6% of the oviduct fluid The ash constituted 
19 6% of tlie dry matter of the uterine fluid and 7 52% of the dry matter 
of the oviduct fluid The ether extract amounted to 14% of the 
dry matter of the uterine fluid and 13 5% of the dry matter of the ovi- 
duct fluid Reducing sugars amounted to 78 4 and 89 2 mg per 100 ml 
for uterine and oviduct fluids, respectively The following ion concen- 
trations (in mg per 100 ml ) were found m uterine fluids Na, 220, 
K, 183, Ca, 15 2, P, 7 4, and Cl (as NaCl), 362 Comparable figures for 
oviduct fluids were Na, 208, K, 223, Ca, 11 8, P, 9 7, and Cl (as NaCl), 
400 Sodium levels were much liigher in both utenne and ov iduct fluids 
during the luteal stages of the cycle TJie potassium level in oviduct 
fluids and the calcium level in uterine fluids were elevated at estrus 
Average pH values were 7 8 for vaginal mucus, 7 1 for uterine fluids, and 
6 4 for oviduct fluids 

The same authors (Olds and Van Demark, 141) have rccentl) pre- 
pared an extensive review of the literature on fluids in the bovine genital 
tract 

IV Efitcts ot Various Hoiimonls on tuf Rfi’hoductivt Tract 

Most of the changes described in the v’anous parts of llic Ixivinc 
rcprodutlive tract are brought about bv the ovarian hormones secretcil 
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in varying amounts during the cycle. Presumably, the theca m e 
cells secrete the estrogenic hormone, estradiol. In increasing amoiu 
during the development of the follicle. Estradiol may' later >c con^ 
verted into less active estrogenic sulistances, estrone and cstriol, in ’ 
liver and other tissues. After ovulation the corpus luteiim forms am^ 
secretes progesterone in increasing amounts until about the loth day o 


the cycle. 

These steroid hormones cooperate to produce the remarkably co 
ordinated series of events just described for the reproductive tract, 
of these modifications are designed to bring the ovum and the .spcmi 
together for fertilization and to prepare the uterus to receive aiu 
nourish the growing embryo. Hormones other than estrogen and pro- 
gesterone also cooperate in bringing about changes in the reproductiso 
tract; these will he considered separately. 


A. Estrogen mid Progcslcronc 

Estrus can be produced in the ovariectomized cow by rcmarkabl' 
small doses of estrogenic substances (5, 127, 169). Mclampy cl o'* 
(127) reported that small amounts of progesterone can act symcrgisticalb 
with estrogens in the production of estrus. Larger doses of progesterone, 
on the other hand, clearly inhibit the induction of estrus in ovariecto- 
mized cows and reduce its length in normal cows (81, 127). In addition 
to producing estrus in ovariectomized ecu's, estrogenic hormones have 
een s own to cause many of the changes in the reproductive tract 
occurring m the normal animal during the cstrous cycle. 

L Ejects on the U terns 


injections up to 1500 l.U. p« 
increased the height of the endometrial 

o Sri ° elands. The development and degree 

“I 12th day of the 
of 300 l.U of estroeeif '’1' estrogen alone, hut daily injectrons 

prad,,eed Vo e„doTetri“ drr ® ‘’“I f 

the normal cycle. development characterUtic of this stage of 

endometrium apprcciahlv''dr '“'lace epithelium and dense 

ovariectomy. The siihcmanm .Pi'O'pl'alase concentration after 

henroate tlaily for 3 davs nruT “ '"‘“'^ration of 0.6 mg. of estradiol 
tion of phosnliahisc in the and an increased concentra- 

P I" 'I'o^nrfaee epithelium similar to that seen at mid- 
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cycle m normal cows The concentration of phosphatase in the dense 
upper endometrial stroma remained rather low after estrogen treatment 
The injection of 40-60 mg of progesterone per day for 5 days effectively 
increased the phosphatase in tlie endometrial stroma, especially in the 
dense endometrium The glycogen content of the surface epithelium 
remained high after ovariectomy and disappeared after estrogen injec- 
tions Glycogen was present in the surface epithelium after progesterone 
injections It is interesting to note that estrogen injections produced 
a pattern of phosphatase and glycogen distribution most typical of the 
mid cycle m the normal cow, and progesterone produced a pattern most 
typical of metestrus 

The spontaneous motility of tlie uterine musculature during the 
cycle is also regulated to a large extent by the ovarian hormones Evans 
and Miller (65) reported marked spontaneous motility of tlie uterus 
from 1 day proestrus to 1 day postestrus, after which the motility de- 
clined until the 16tli day, and then increased until estnis Cupps and 
Asdell (55) reported similar results after studying the spontaneous 
activity of excised longitudinal uterine muscle strips, but Hays and 
Van Demark (97), using tlie intrauterine balloon technique, reported 
regular and frequent contractions of small amplitude during estrus and 
less frequent contractions of greater amplitude m mid cycle These 
workers found no significant variations during the cycle when the 
product of the frequency and tlie amplitude of contraction was used as 
an index of activity There is agreement tliat ovanectomy causes a 
marked decline in uterine mohlity and that estrogen injections increase 
uterine motility in ovariectomized cows (5, 97) Although the frequenc) 
of contractions was lower than in the normal uterus, injections of pro- 
gesterone after ovariectomy caused an increase in the amplitude of 
contractions (Hays and Van Demark, 97) Asdell ct al (5) also reported 
contractions of great amplitude m uterine muscle from ovariectomized 
progesterone treated heifers 

Some of the major functions of the estrogenic hormones in the cow, 
as in other species, is to cause uterine hyperemia, edema, and endo- 
metrial growth Estrogens appear to be responsible for the development 
and maintenance of the endometrial arterioles in the cow The number 
and the degree of coiling of the endometrial arterioles was found to be 
much greater m mature cows than in young heifers, and these arterioles 
largely disappeared after ovariectomy (83) Estrogens, supplemented 
by relatively small amounts of progesterone, were effectiv e in prev enting 
the postcastration atrophy of the endometrial arterioles 

The bovine uterus is more resistant to bacterial infection during 
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estrus than during other stages of tlic cj'clc (17, 19, 21, 111)- 
ference lias been attributed to a reduction in resistance broug ^ ^ 

by progesterone (20), but estrogens also may increase uterine rcsislanc 
to infection (111, 154, 155), perhaps indirectly by increasing the blooa 
supply to the uterus and the How of mucus through the cervix. 


2. Effects on the Cervix 

Changes in the cers'Lx characteristic of those at estrus have been 
produced by the ovarian hormones. Estrogen injections increase > 
height of the epithelial cells and mucous secretion (8, 42). The effects 
of estrogen and progesterone on the physical and chemical characteristics 
of cervical mucus were described earlier in connection with the cycnc 
changes in the vaginal and ccr\'ical secretions. 


3. Effects on the Vagina 

The vaginal smears from ovaricctomizcd heifers brought into estrus 
with stilbestrol are quite similar to the smears obtained from norma 
heifers at the time of estrus, in both instances consisting of numerous 
leucocytes, a few large epithelial cells, and very few comified cells (82)- 
Large numbers of round, nucleated epithelial cells appear in the smear 
2 days after the stilbestrol-lnduced estrus, as tlicy do in the smear of the 
normal animal at 2 days poslestrus. Subsequent to the second day after 
estrus the percentage of the comified cells in the vaginal smears of the 

increase is not inhibited by pro- 
gesterone injections. 


B. Effects of Other Hormones on the Bovine Reproductive Tract 

and^Dra™ ,'T P'^gnnnt cows (81). Graham 

administcLd at 5 '* relaxation of the cervix when 

ior 3 days with V in Pn^reslrus to normal cows previously treated 
re axaUo'ra "ot causi cervical 

Most ev dri * 1 ° “ "'>™‘>lly dilated at the time of estrus. 

in the cow at all slams' oTS causes uterine contraction! 

(5) and llavTa^ Van n T’i “ud Asdell ef al 

treatment increases the reported that stilbestro 

ovariecloraizcd cow to oxylorf^^Vt '‘‘nrine musculature of tin 
Van Dcmarlc and Hays ^ “I. (5) reported strong ant 

to oxytocin by uterine mn’sclcx contractions in response 

COWS. ®variectomized progesterone-treal^' 

Cupps and Asdell (5.5) fo„„,l ,i„. . , 

tractions during and shortiv aft upmephrine inhibits uterine cor 
y arter the estrogenic phase of the estroii 
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c)cle and causes contiachons during the progestational phase Asdell 
ct ol (5), using an in vitro metliod, also reported relaxation of the 
uterine musculature of the ovariectomized estrogen-treated cow in re- 
sponse to epinephrine, as contrasted to contraction in the ovariectomized 
progesterone-treated cow Uterine muscle from ovariectomized cows 
receiving 500 I U of estradiol benzoate and 18 mg of progesterone 
daily for 6 days showed a diphasic response to epinephrine, i e , a con- 
traction followed by relaxation Hays and Van Demark (96, 183), on 
the other hand, reported that epinephrme tn vitro and m vwo caused 
one large contraction followed by a period of reduced activity and tone 
in normal cows, in an ovanectomized stilbestrol treated, and in an 
ovariectomized progesterone treated cow^ Epinephrine, given before 
oxytocm, completely or partially inhibited the increased activity in re- 
sponse to oxytocin Alexander (2) reports epinephrine inhibition of 
uterine motility m botli pregnant nad nonpregnant cows 

V Changes in Other Endociune Glands during the Estrous Cycle 
A The Anterior Pituitary 

The literature concemmg changes in tlie bovine pituitar) ghnd 
associated Avith tlie estrous cycle was reviewed in 1955 by Jubb and 
McEntee (105), the present discussion will be confined to recent find 
mgs on this subject Jubb and McEntee (106) were able to enlarge our 
knowledge on the functional cytology of the bovine anterior pituitary 
considerably by utilizing the penodic acid Schiff (PAS) staining tech- 
nique The large basophils (beta cells) concentrated in the medulh 
of the gland contain PAS-staining granules, these cells probably produce 
thyrotropin, since they become enlarged, degranulated, and \acuolaled 
after tliyroidectomy 

The small basopluls (delta cells) contain coarse PAS-staining gran- 
ules and usually are found in close association with the blood sinusoids 
These cells are probably gonadotropin producers, and thej degranulate 
rapidly within a matter of hours as a cow comes into estrus (Fig 6) 
The degranulation process begins in tlie medulh adjacent to the zona 
tuberahs and sweeps on a broad front through the wrole pars distahs 
proper A recent study (89) indicates that this degranulation process 
mav be essentially complete as earl) as 20 minutes after a cow’ comes 
into standing estrus This delta cell degranulation process docs not 
occur in cows which come in estrus and later fail to ovailate 

Tlie granules in the delta cclLs begin to reappear about 3 da) s post- 
cstrus, and then accumulate rapidl) during the luteal phase of the 
c\cle, reaching a ma\imum dunng procslnis The delta cell granules 
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disappear in steers and in cows having ovarian cysts for long periods 
of time Regranulation of the delta cells appears to occur in steers fed 
stilbestrol (91) Delta cells are also found in the pars tuberalis and the 
zona tuberalis, but they have not been observed to undergo cyclic 
changes 

Changes in the acidophils occur later during the cycle and are less 
abrupt These cells begin to degranulate at the 3rd day after estrus and 
reach a maximum of degranulation at the 10th day During the re 
mamder of tlie cycle the acidophils accumulate granules These changes 
parallel the activity of the corpus luteum, suggesting tliat the acidophils 
are tlie source of prolactin In addition, they probably produce the 
growth hormone, but it has not been possible to subdivide them into 
specific types producing each hormone The acidophils are hyper- 
granulated and have small, crenated nuclei in cows with cystic ovaries 

It IS not known definitely which gonadotropin is released during the 
delta cell degranulation process, nor has a specific type of cell been 
identified for each gonadotropin Hopes that the delta cell degranula- 
tion process could be specifically linked to LH release have been dimmed 
somewhat by the finding that atropme injections early in estrus block 
ovulation, and presumably LH release, even in cases where the delta 
cell degranulation has occurred (89) 

Cupps et at (56) recently reported tliat the percentages of beta cells 
(uhich apparently correspond to the delta cells described above) range 
from 24 to 34 in tlie medullary zone of pituitanes of normal cattle The 
percentage of these cells was increased in nymphomaniac cows in whiQh 
the ovaries contained no luteal bssue 

B The Adrenals and Thyroid 

Specific changes m the size and hislolog)' of the adrenal glands of 
cattle throughout the estrous cycle do not appear to have been de- 
scribed, but there are se\ eral reports of changes in the adrenals related 
to ovarian function Bourne and Zuckerman (28) showed that adrenal 
weights and volumes in rats increase dunng estrus, largel) due to an 
increase m size of the cells in the zona fasciculata Garm (69) noted 
tint sudanophilic substances and substances showing birefringence arc 
absent or sparse in the glomerulosa of normal cows at the time of estrus 
and in njonpliomannc cows Tins finding suggests a relationship be- 
tween the circulating estrogen level and the depiction of corticosteroids 
produced in this zone Cupps ct al (56) found evidence of adrenal 
degeneration in cows with irregular estrous cvcics, and these authorv 
and Gann (70) reported adrenal hv-pcrlropliv in monphomainac cows 
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There are no reporls o! changes of a regular ‘’7, 

associated with the cstrous cycle in the cow. The thyroid g . 
vinderco cyclic changes, heing most active in terms o oxygen^ pows 
tion and iodine uptahe daring cslrns (148). . ,l,c 

did not show the physical manifestations of cslrns (33, loo;, 
ovaries continued to function in an apparently normal manner. 

VI. Mimions or Altering nin Cycle 
A great deal of experimental work has been conducted in an 
to find a simple and dependable method for regulating 
ovulation in the cow, without at the same time reducing fertility- 
are several potential practical applications for such a method in o 
beef and dairy cattle operations. In addition to providing a usefu 
ment for several types of infertility, a method for producing cs 
and ovulation at a predetermined time might .allow large numbers 
animals to be bred within a period of a few days. A development o 
this sort will probably be necessary before artificial insemination 
used on a large scale in the beef cattle industry. 

A. Corpus huletim Rcmonol 

Perhaps the simplest method for altering the bovine estrous cycle 
consists of manual removal of the corpus luteum through the recta 
wall. Numerous investigators have studied the effects of corpus luleu^ 
removal. Roberts (151) has summarized the results of these studies y 
slating that observable estrus results in SO-SOyb of the cases treateo 
within 2 to 7 days and that 50-55% of these cows conceive if bred. 

Regardless of the skill of the person performing the operation, an 
occasional cow will die after corpus luteum removal as a result of ex* 
ccsswe hemorrhage. The incidence of adhesions in and around m® 
oviducts aUo appears to be increased as a result of corpus luteum re* 
moyal, a laclor which may lead to infertility in subsequent years. These 
factors have led to a decline in the popularity of manual corpus luteum 
oMe d “ oorpora lutea and almost pie- 

excess fluid o luteum is never really retained unless 

excess 11, „d or some foreign substance is present in the uterus. 

B. Progesterone Injectiom 

tl,e'd“vi,IjrctLTofTarKc7^S!I^"^ “Tf 

mid<yclc onward. All altl.!^ “ ’ progesterone fro 

; lu. AU auUiors are in agreement that this treatment 



THE ESTROUS CYCLE OF THE COW 


251 


prevents estrus and ovulation from occurring at the normal time, and 
tliat estrus and ovulation do occur 4-7 days after cessation of the treat- 
ment (49, 174, 177, 178, 179, 188). Nellor and Cole (135) found that 
single injections of 540-1120 mg. of crj^stalline progesterone prevented 
estrus and ovulation in beef heifers, regardless of the stage of the cycle 
when the treatment was given. Estrus occurred 15-19 days after the 
progesterone injection in 89% of the heifers receiving 540-560 mg. of 
progesterone. Trimberger and Hansel (174) obtained only a 12.5% 
conception rate at the first post treatment ser\ace after daily progester- 
one injections of 50-100 mg. were used to control estrus. The cycles 
following the post treatment estrus were of normal length and a normal 
conception rate (65.2%) was obtained in cows bred after these cycles. 
Nellor and Cole (135) also found a low conception rate (17%) in beef 
heifers injected with 500 mg. of crj'stalline progesterone, followed 15 
days later by a single injection of equine gonadotropin. The same au- 
thors (Nellor and Cole, 136) reported that injections of amounts of 
progesterone capable of inhibiting follicle growtli, estrus, and ovulation 
in beef heifers had no detectable effect on tlie amounts of follicle-stimu- 
lating hormone (FSH), luteinizing hormone (LH), thyroid-stimulating 
hormone (TSH) or somatotropin (STH) contained in Ae anterior pitu- 
itary glands. 

These reports indicate tliat it is possible to regulate estrus and ovula- 
tion by progesterone, or progesterone and gonadotropin injections, but 
that fertility is lowered by these treatments. It is not yet clear whether 
tills infertility is a result of degenerative changes in the ovum associated 
with the delay in ovulation (32) or a consequence of the too rapid trans- 
port of the ovum through the oviduct in the presence of progesterone 
(153). Both factors may be involved. 

C. Gonadotropin Infections 

Because human chorionic gonadotropin has many physiological prop- 
erties in common with pituitary' LH, no attempt will be made to dif- 
ferentiate tile two in the discussion that follows in this chapter. 

Many of the studies illustrating the effects of gonadotro 2 >ins on 
ovarian function in the bovine were carried out for tlic purpose of 
producing “superovulation, ” i.e., the release of many ova at one time* 
The problems involved in superovulation and maim transfer have 
recently been reviewed by Willett (193), and need not he considcr<?d 
here, c.vccpt as tliey relate to the basic effects of the gonadotropins on 
the cslrous cycle. 

Results oblaincd after the injection of gonadotropic preparations into 
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calves show that the ovary of the calf is capable of 
gonadotropin with follicle growth almost from the time o 
39 in, 118). Despite this marked follicular growth, only a . 
of calves treated with a series of FSH injections, followed by an 
venous injection of an LH-containing preparation, formed corpora 
Marden (117) obtained a higher proporUon of ovulations in 
a second series of gonadotropin injections after a period of lutea ac 
hut Black ef al. (18) were unable to achieve a similar result by p^^^ 
ment with progesterone. Estrus did not accompany ovulations pro 
in calves by these treatments, and the percentages of eggs ferti iz 
were very low. 

The various methods used to produce superovulation in mature c 
have been discussed by Willett ( 190) . The effects of exogenous 
tropins on ovarian function in mature cows are dependent upon 
stage of the cycle at which the treatments are given, and whether ” 
the corpus luteum is removed prior to or during the treatment, 
subcutaneous injection of single or multiple doses of pregnant mar 
serum (PMS) as a source of FSH, followed by an intravenous injection 
of chorionic gonadotropin as a source of LH during the first half o 
the cstrous cycle while a functional corpus luteum is present results ir* 
the production of numerous follicles, a high percentage of which ovuw® 
(32. 39, 40, 59. 110, 153, 180). Rowson (153) found that 52fo of the 
follicles ovukitcd in cows whose ovaries contained a large oorp»s 
luteum al the lime of intravenous LH injection, in contrast to a l4^ 
ovulation rate in cows whose ovaries contained no corpora lutea. A 


similar high ovulation rate was obtained in PMS-treated cou'S in which 
the corpora lutea were removed and 20 mg. of progesterone was 1 
jectfd daily for 4 days prior to the LH iniectinn. Althoueh numeroi 


days prior to the LH injection. Although numerous 
Ilu I 'u r""? PMS and LH treatment is given during 

■n 110 ''<=‘"8 fertilized if- 

t u I!,™ ; ?■ “v ’’>■ "" °f rt'e cows treated in 
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removal of the corpus luteum, and the injection of LH during the estrus 
which ensues in 2 to 4 days appears to be the best method investigated 
to date for tlie production of a maximum number of fertde ova (32, 54, 
80, 110, 153, 189) Brock and Rowson (32) have used doses of 3000 
I U of whole PMS followed by 2000 I U of LH at the fame of estrus for 
this method, and report ovulation rates of 12 5% in cases where LH 
was not given at estrus, m contrast to 223% m cases where it was 
given 

High doses of PMS have generally produced large unovulated fol- 
licles (59, 68, 189) Willett et al (192) have demonstrated a decreasing 
number of corpora lutea in cows which uere subjected to successive 
superovulafaons The development of this refractoriness may be due 
to the formation of anfagonadotropms 

Marion and Smith ( 120 ) found that unfractionated pituitary gonado 
tropic extracts given early in estrus hastened ovulation, and Hansel and 
Tnmberger (84) reported that chorionic gonadotropm has a similar 
effect, even in heifers given the ovulafaon-blocking drug, atropme, at 
the beginning of estrus Smith et al (166) have recently reported that 
daily doses of 300 to 1800 I U of prolactin are incapable of maintaining 
the size of the corpus luteum or prolonging the estrous cycle m the cow 

D Oxytocin Injections 

Daily mjecfaons of oxytocm begmning before ovulation occurs have 
recently been found to alter the bovine estrous cycle (3) Tliese results 
are discussed in more detail m the section concemmg the mechanism of 
ovulation 

VII OvABiAN Hormone Levels in Blood and Excreta during the 
Estrous Cicle 
A Estrogenic Substances 

Relatively little is knoivn of the levels of estrogens, or them metabo- 
htes m the blood, urine, or feces of the cow during the normal estrous 
cycle Woods (196) found evidence tliat tlie phenolic steroids in preg- 
nant cow’s urine are estradiol and estrone Estriol was not found 
Turner et al (176) reported an average of 57 rat units of estrogenic 
activity per day in the urine of nonpregnant cows, but Asdell et al (5) 
Mere not able to find measurable amounts Gorski et al (74) Mere 
successful in assaying tlie estrogens m acid-h\ drolj’zed urine from non- 
pregnant cows by the 6-hour immature rat uterine weight method, and 
obtained estimates of 73-173/ng of estrone cqiin alents per d ly Urine 
of two cows at 8 days proestrus appeared to contain about ns much 
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estrogenic activity as the urine o£ a cow in estrus. The urine o 
ovariectomized cow contained little activity. . , 

Szego and Roberts ( 170) reported approximately 0.3/pg. of^ estra i 
per 100 ml. of whole blood from a nonpregnant gonadotropin-trea e 
cow, but Bitman and Sykes (16) have been unable to consisten y 
measure estrogens in the blood of nonpregnant cows. 


B. Progesterone 

Cow’s urine does not appear to contain pregnanediol (100), 
the earlier reports summarized by Cole (53) to the contrary. ^ 

(62) devised a method for the chemical assay of progesterone in bo y 
flui^ and reported (61) the presence of progesterone in bovine foUiemar 
fluid prior to the time of ovulation, and its absence in developing ^ 
licles. Raeside and Turner (146), using a similar method, were una ® 
to detect progesterone in the peripheral blood of nonpregnant cows- 
Injected progesterone disappears rather quickly from the periphera 
blood of the cow (146), as it does in other species (94). Progesterone 
is present in ovarian vein blood from ewes (63), goats (146), e*' » 
probably, cows (91) when a corpus luteum is present in the ovary. 


Vlll. The Mechanism of Ovulation in the Cow 
'Hie alterations in the bovine estrous cycle previously discussed have 
all been brought about by injections of the ovarian or gonadotropic 
homones or combinaUons of these hormones, and have been explained 
m t^s of generally accepted interactions between these hormones. 

Tlie growth of a folUcle in the ovary in the cow, as in other species, 
appcMs to be brought about by FSH secreted by the anterior lobe of the 
of u LH may facilitate the process 

-n maiured follicle and the 

‘he release of a much larger 
?eronc bv tho ^ anterior pituitary. The production of proges- 

been generally accepted (61 gonadotropic hormones, it h- 

pressing FSU secretion hv tl. '^hogens facilitate ovulation by d 
sccrcUon. It has abo been n “"torior pituitary and by increasing LH 
lion and os-ulation. * that progesterone inhibits LH secre- 

cjperimcnlal rraulu tbaUiavo'h^ °i explains many of die 

and osailation In the cmv 1 '‘"'aincd in studies invob-ing estrus 

• •’■"o “to certain experimentally cstab- 
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lished facts that it can not encompass. Estradiol administered to the 
cow at the beginning of estrus does not hasten ovulation, as might be 
expected in view of tlie above concept (85), in fact, it delays ovulation 
in tlie ewe (60). Progesterone does not always inhibit ovulation; under 
certain conditions it is ovulatory in the cow, as it is in many otlier 
species (87). It is not possible to prolong the estrous cycle in the cow 
by daily injections of as much as 1800 I.U. of prolactin during the 
latter third of the estrous cycle (166), even tliough daily injections of 
progesterone during tliis period have been sho^vn to do so. 

A. 'Nemohumoral Factors Involved in the Ovulation Mechanism 

In addition, numerous experiments carried out in recent years have 
provided evidence that the release of tlie pituitary gonadotropins neces- 
sary for ovulation in the cow, as well as in odier “spontaneously” 
ovulating species, is influenced, and perhaps even regulated, tlarough 
the hypotlialamus by a neurohumoral mechanism. 

The e.xperiments wth laboratory animals establishing the basis for 
a neurohumoral concept of ovulation have, for the most part, been 
done since 1946 and have been summarized by Markee et al. (122, 123, 
124), Harris (93), and Hansel (88, 90). A series of experiments con- 
ducted since 1951 show that a simUar mechanism e-xists in the cow. 
Hansel and Trimberger (84) found tliat the administration of tlie para- 
sympathetic-blocking drug, atropine, to dairy heifers at the beginning 
of estrus blocked ovulation, while ovulation occurred earlier tlian the 
normal time in 4 of 5 heifers given both atropine and chorionic gonado- 
tropin at the beginning of estrus. These results were interpreted as 
indicating that a neurogenic mechanism having a cholinergic com- 
ponent is involved in tlie release of tlie pituitarj" gonadotropin necessary 
for ovulation in the cow. It was subsequently found that estradiol given 
at tlie beginning of estrus did not hasten die time of ovulation (85), but 
progesterone given at tlie beginning of estrus hastened ovulah'on (87). 
The latter result, when considered togetlicr wth the granulosa cell 
changes observed prior to ovulation and the presence of progesterone 
in bovine follicular fluid prior to ovulation, suggest that a preovulatory 
rise in tlie blood level of progesterone may be an integral part of tlie 
ovulatory meclianism in tlie cow. Fraps (69) has summarized evidence 
indicating that progesterone causes tlie release of the ovulation-inducing 
hormone in the hen and tliat it does so through a neural mechanism. 

Hough ct al. (103) presented evidence to indicate that progesterone 
given at the beginning of estrus is incapable of overcoming atropine 
blockage of ovulation, a result which suggests that the mailation-h.asten- 
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ing effect o£ progesterone in normal heifers is due to its influence on 
hypothalamus rather than its direct effect on the anterior P*^'^** 

These authors also reported that relatively small doses of cpinep inn 
given at the beginning of estrus did not hasten ovulation. 

These results and those of numerous experiments conducte ^ 
laboratory animals have given rise to a concept of neurohumoral con o 
of the release of the pituitary gonadotropins necessary for o\mla lO 
The basic features of this concept include: (1) The release of one or 
more neurohumoral substances by certain hypothalamic nuclei as a re 
of the stimulus of copulation in species in which ovulation is indue 
and unkno\vn stimuli in “spontaneously" ovulating species; (2) the 
port of this chemical mediator(s) to the cells in the anterior pituitaty h> 
way of the hypophyseal portal vascular system and the blood sinusoids o ^ 
the anterior pituitary to cause the release of gonadotropin(s) necessar) 
for ovulation; (3) the existence of a cholinergic and an adrenergic com 
ponent acting in sequence in the neurohumoral release mechanism' 

The striking affinity of the delta cells in the bovine pituitary for 
the blood sinusoids and the nature and rapidity of the degranulation 
process which these cells undergo in late proestrus further suggest that 
this process Is controled by a b1ood>bome humoral substance. This 
ess, as described by Jubb and McEntee (106), begins in the medulla 
a^acent to the 2 ona tuberalis and sweeps on a broad front through the 


whole pars dislalis proper. The zone of transiUon from degranula 


cells through those that are acUve to the cells that are not yet active 
wn sometimes be included in one medium power field of tlie microscope. 

ee^in whether the process represents the secretion of FSH 
or LH or both, but ovulation does not occur in its absence. 


B. The Nature of the Neurohumoral ! 


ciunula^l^n^*^^r P*hdtary.hypothalanuc relationships has 

cmnulatcd, questions conceminu the nah,„ . 1 ,. „f„„„„nHve pa 


wavs to the *<= exteroceptive pi 

wi^is to the hypothalamus and the stimuli .ffJtivelv r 


vate them in 3 'vhioh most effectively acm 

stancS " L n ™ “"<1 ™ture of the neurohumoral suV 


Stances acUnw i_ ’ T ^ nature ot the neurohumora» 

have assumed considmaHe'imScr'" 


c , “■•i»v4uince. 

(IsClSO) 'to considerable evidence 

adtenergie in nature, but activates the pilu'li^,,?. 


the pitultarN' of mMsS*. .i!» ^ reported that epinephrine injected m 


pitultar%' of rabbits tfirl epinephrine injected in*° 

ilulion was adjusted to 6 9-7 1 ovulation when the pH of the 

> o U.VKJ. 1 , but did cause ovulation in 3 of l5 rab- 
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bits when the solution was made acid, indicating that tlie pH of the 
solution injected influenced gonadotropin release. Intravenous injections 
of epinephrine have not caused ovulation except in atropinized rabbits, 
in which relatively enormous doses have been effective (158). Other 
unphysiological substances, such as copper acetate, have been shown to 
induce ovulation when injected intravenously (66) or directly into the 
pituitary (157). 

Recent findings (11, 159) indicate tfiat the posterior pituitary hor- 
mones, oxytocin and vasopressin, are formed in hypothalamic nuclei, 
and raise the distinct possibility that these neurohypophyseal hormones 
or related substances may be concerned in activation of the anterior 
pituitary. “Neurosecretory material,” which stains selectively with 
chrome-hematoxylin (73), originates in the supraoptic and paraventricu- 
lar nuclei and migrates down the nerve axons to their endings in the 
posterior pituitary. These axons come in close approximation to the 
primary capillary plexus of tlie hypophyseal portal vessels in the region 
of the median eminence, and it has been proposed by Benoit and Assen- 
macher (14) and Scharrer and Scharrer (159) that the chemotransmit- 
ter substance responsible for controlling gonadotropic function of tlie 
anterior pituitary may be contained in this “neurosecretory material.” 

All of the evidence relating this Gomori-staining material to the 
posterior pituitary hormones cannot be reviewed here, but the material 
stained is apparently a carrier substance for the hormones (197). Adams 
and Sloper (1) have found that cystine in pituitary and hypothalamic 
sections has a distribution almost identical to that of the neurosecretory 
material as described by Bargmann and Scharrer (11). The neurohypo- 
physeal hormones contain cystine, and these results provide further 
confirmation of the hypothalamic origin of these hormones. 

These results suggest the possibility of a close integration of the 
functions of the anterior and posterior lobe hormones, and there is con- 
siderable supportive evidence for such an integration in the cow. Van 
Demark and Hays (183) showed that sexual stimulation, including sight 
of the bull, nuzzling of the vulva, mounting, and copulation all cause 
increased uterine motility. These workers ( 183) also demonstrated that 
manual manipulation of the bovine reproductive tract caused an output 
of ox)'tocin, as measured by increased intramammary pressure. Tlie 
observations may be related to those of Marion ct al. (119), who found 
that sterile copulation in heifers caused ovulation to occiu earlier tlian in 
tinmated controls, and to the finding of Wiltbank and Casidn (191) that 
hptcrcctomy in the cow causes maintenance of the corpus luleum and 
delayed returns to cslnis. 
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Although these and many similar experiments carried out with rab i s 
and rats (78, 107, 149) suggest a relationship bet^veen oxytocin release 
and gonadotropin secretion, none ot them offers any proof that t e 
latter are secreted in response to the former. 

Gonadotropin secretion associated with stimuli which cause oxytocin 
secretion might conceivably be due to vasopressin, or even some other 
substance of hypothalamic origin. Stimuli which evoke the release o 
oxytocin often cause the concomitant release of vasopressin and vice 
versa (89). 

Shibusawa et al (161, 162, 163) suggested, on the basis of changes 
in urinary 17-ketosteroid excretion following oxytocin injections, that 
oxytocin stimulates gonadotropin secretion in the human, but it is not 
certain whether the ketosteroid fractions measured are of adrenal or 
gonadal origin (89, 137). Benson and Folley (15) reported that o^- 
tocin injections in lactating rats retard the mammary gland involution 
that normally follows removal of the suckling young, suggesting that 
the release of prolactin, or perhaps other anterior pituitary hormones 
conc^ed in lactation, can be stimulated by treatment with oxytocin. 

These indirect indications that oxytocin of hypothalamic origin might 
be involved m regulating anterior pituitary gonadotropin secretion led 
0 expcnments testing the effects of oxytocin on estrus and ovulation in 
oXinT* experiments, Hansel et al (89) found that 

Sstroi tnl ; P>“S 50-100 units subcutaneously) ad- 

time of nv 1 beginning of estrus significantly hastened the 

o[ Eonadohn •™ °^tocin preparations used were apparently free 
tiXin "O -“aase in ovarian or uterine 

rcmtlVftc “ subsequent experiment, es- 

osadaUon-blocking cffMt°o°SoD" “capable ot overcoming 

at the beginine o^ estrus ri, sotriances were given 

yet tested svhich U canable . gonadotropin is the only substance 

in the cow. ^ overcoming atropine blockage of ovulation 

Ibis scries, ArmstrM!r’and'r?''*'7’^ signiEcant, experiment in 

iniecUons o! a puriBi^ oxyt^rnre'*' r P''°P“V ‘’‘‘j'-’ 

tropins, caused major altoaUn™ ? u “PP”ently free of gonado- 
daiiy iiijocUons of oxstocin estrous cycle. Seven 

cutaneously). il,o g,,, intravenously and 100 I.U. sub- 

oniUticm, werctollosseUbva ' vtaving estrus and prior 

Hie Itst injection. Tl.e cmno^°i ovulation 2-S days after 
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tions were being made appeared to be nonfunctional, or at best only 
partly functional The subsequent estrous cycles were of normal length 
and ovulation occurred at the normal fame 

Tlie fact tliat exogenous oxytocin or some other substance contamed 
in the oxytocin preparations used is able to produce these alterations m 
the bovme estrous cycle does not necessarily prove that oxytocin is one 
of the neurohumoral substances of hypothalamic ongm mvolved m the 
regulation of gonadotropin secretion by the anterior pituitary, but this 
fact, together with the supporting evidence previously cited, certainly 
suggests that such is the case It is not known whether oxytocin in- 
jections produce these effects by increasing the secretion of FSH or 
LH or by inhibitmg the secretion of whatever gonadotropm is responsible 
for maintenance of the corpus luteum in tlie cow 

The expenmental results obtained to date might be explained by 
assummg that oxytocm increases the output of one of the antcnor 
pituitary gonadotropms and that the release of the other is brought about 
by a second neurohumoral mechanism having a cholmergic (atropme- 
blocked) and an adrenergic (dibenamine blocked) component Cross 
(54) has sho\vn that two such systems are present in the hypothalamus 
of the rabbit One is concerned ^vlth the secretion of oxytocin, which 
follows stimulation of the paraventricular and supraoptic nuclei The 
other is concerned with an activation of the sjmpatliebc outflow and 
the secretion of adrenalme by the adrenal medulla, which results from 
stimulation of the dorsal, lateral, or posterior areas of tlie hypothalamus 

Addibonaffy, there is evidence that the oxytocin refease mechanism 
m rats contams both a cholmergic and an adrenergic component (76), 
and the possibihty exists that atropine and dibenamine block ovulafaon 
by preventing tlie release of oiq^tocin from tlie hypotlialamic nuclei 
If only a single mechanism of tlus sort were imolved, however, oxytocin 
mjections should overcome atropme blockage of ovulabon, and this 
proved not to be the case in the cow 

C Present Status of Knowledge Concerning OvuJatwn tn the Cow 

It IS not possible to give a complete explanation of the meclnnism 
of ovulation in tlie cow Apparently, our basic knowledge of the inter- 
actions of tlie ovarian and hypophyseal hormones should be enlarged 
and revised to include tlie concept that the secrebon of the pitiiitarv 
gonadotropms necessary to cause follicle development and ovmlation is 
brought about by one or more ncuroluimoral substances produced in the 
liy’pothalamus and carried to the anterior pituitary by' the hypophyseal 
portal vascular system At present, it seems possible that oxviocin is one 
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of these neurohumors in the cow. The ncnrohumoral mechnnism 
for ovulation also appears to contain a cholinergic and an adrenergic 
component, since ovulation can be blocked in several species by either 
atropine or dibenamine. The paradoxical effects of progesterone and 
estradiol on estrus and ovulation when given in various amounts at var}’* 
ing stages of the cycle are probably best explained by assuming that 
their actions are mediated through the hypothalamus. 
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I The Breeding Season of Mares 

The informahon m tlie literature pertaining to the mare as a seasonal 
breeder is confusing and inconsistent Dukes (33) states that the “breed- 
ing season is usually in llie spring, from March to July, but, if she is not 
bred at this time, she may contmne to experience estrous cycles for a 
variable period depending on the individual” According to Rice (72), 
“mares are polyestrous for part of tlie year, generally from March through 
July and sometimes on into the fall months” Asdell (4) states tliat 
“seasonal cycles begin about March and usually continue, in the unbred 
mare, into August, but many breed in the fall and winter in England ’ 
Heape, as early as 1900, made tlie frequently quoted statement tliat 
the “mare is a polyestrous animal with a tendency toward monestrum** 
(35) Since die wild species of die equine family are reported to be 
monestrous (35), die "tendency toward monestrum” in the modem mare 
could be interpreted as an atamlic trait, and die polyestrous property 
must be an acquired character brought on by breed improvement and 
domestication L«agerIof (53) suggested that the modem mire represents 
a transitional stage from the monestrous to the poty estrous tjpe Tlie 
question anses, how far die development toward the polyestrous charac- 
ter has progressed, and how firmly is it established in die modem horse 
Since foals are bom in every month of tlie vear, some Investigators 
arc inclined to consider the mare as polvLstrous capable of reproducing 
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without seasonal restrictions (2, 37, 38, 76). According to ot icrs, 
mare achieves a high level of reproductive efficiency only during^ 
more restricted season of the year, and breeding efficiency is low a 
the start of the breeding season” and improves as the season advance 
(5,7,23,35,41,43,45,57). _ 

The main confusion seems to arise from a misinterpretation o ^ 
terms “polyestrous” and “breeding season.” It is assumed that if, 
when, the mare shows sexual activity by exhibiting mating desire or 
the first time in the season, she is also automatically in a state of 
able to reproduce. Some mares, but not entire breeds, arc endowed wit 
this property and can produce offspring at any season of the year. They 
are truly polyestrous. But for the majority of the mare population, tms 
apparently does not hold true. Even though they may appear to ® 
polyestrous when judged by their sexual behavior, going through heat 
cycles throughout most or all of the year, reproduction takes place in a 
more restricted season. The main trouble seems to concern principal!) 
the period referred to as “the early part of the breeding season.” If ^ 
recognized that in this period heat cycles are irregular, ovulation often 
does not take place (30, 37), and fertiUty is extremely low. Yet, it still 
IS considered as part of the “breeding season.” It would be more realistic 
to consider this period rather as a transitory phase from the season of 
sexual inacUvity to that of full sexual acUvity, when complete reproduc* 

or preparatory phase 


'Vith a restricted 


breed^' it happens in a manner causing less confusion to tne 


breeding season, 


canahle of nn ’ • • ’ receptive to the ram, but ais 

“a'^.foue hea? period, there occurs at 

ovulation fate place which follicular growth and 

45). Tthe mme ’>>' receptivity (4. 5. 6. «■ 

precedes the state oi cam happens. Sexual receptivity usuall) 

Thus, the appearance ot Ae k'* reproductive syste®- 

"llh, and is not necessarilv Period does not always coincid 

season. ^ mdicator ot, the onset of the true breeding 

As an example of this t 

ductivc capacity, the ofico« seasonal periodicity in level of reprO' 
native, semhvild pony mareJ*nf*v Satoh and Hoshi (74) on 

studywasmadconaprimilivp V»^.2^ can be cited. Even though this 
of modem breedinc Accot, 1 ' ’ apparently is applicable to maro^ 
••■ppears to ho much longer S u worhers. the breeding season 

and osarian quiescence IvnJr^ t “ reality. After complete sexual 
'IT-cal for this breed, lasting from October to 
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March, sexual receptivity is exhibited at regular intervals from March 
until September However, the period of full reproductive activity, dur- 
ing which estrus occurs regularly and the ovary imdergoes complete 
functional changes terminating in ovulation, exists only during May and 
June In the intervening penods, from onset of first sexual manifestations 
until onset of full ovarian activity, there occurs a transitional stage 
characterized by mcomplete ovanan function, ivhen the growth of 
follicles does not terminate m ovulation, and when, because of this 
failure of ovulation, the heat penods tend to be long To such heat 
penods they apphed the term “pseudoestrus ” A penod characterized 
by the occurrence of pseudoestrus sets in agam after the true breeding 
season, startmg m July, with regressive changes into an anestrous con 
dibon around October Thus, from the standpoint of estrous behavior 
alone, these pomes can very well be classified as polyestrous, but from 
the standpoint of reproductive performance, they are almost monestrous 
When mares of this breed are subjected to domestication, the true 
breedmg season becomes longer and extends from May to July, anestnis 
IS shortened witli pseudoestrus conbnumg well into November, instead 
of terminating in anestrus m October 
In modem breeds of horses, domesbcation did not eliminate entirely 
the season of pseudoestrus, but anestnis has been shortened Deep 
anestrus ^vlth complete ovanan inactivity is a fairly rare occurrence in 
modem breeds, instead, the shallow type is more common (18, 19) In 
shallow anestms, the ovaries do not regress into complete mactivity, but 
retain some degree of folLcuJar growth, whereas, m deep anestrus, die 
ovaries are mactive, shrunken, and hard, wth occasional small and 
apparently nonfunctional follicles Some mares do not experience anestrus 
at all, but have a penod of subestrus when irregular, low cyclical activity 
continues This is expressed by prolonged and often incessant periods 
of intense mating desire, or by penods of silent heat 

Caslick (23), in a study of sexual cycles of over 1200 Thoroughbred 
mares, cites tlie instance where, dunng early spnng, 38 mares stayed 
m heat for 1562 days out of a possible 2130 from February 14 to April 10 
Tims, they were m estrus 71% of this penod Later in the season, the 
same marcs resumed normal rh) tlimical behavior, and 37 of tlicm became 
pregnant This demonstrates that the behavior of a marc during the 
season of pseudoestrus should not be taken as an indicator for her 
potential breeding performance during the sexual season 

In studies conducted at tlie hlississippi Expenment Station (7, 9), 
marcs came into heat tlie year round, but in Uie early spring a large 
number behaved similarly to tliosc described bj Cashek. Tlieir fcrbhtx 
in this penod was low, even tliough bred frequcnll) throughout these 
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long estrous periods. During March and April, conception resulted in 
only 15% of the heat periods in which the mares were mated, whereas 
in May, June, and July, the conception rose to 45, 41, and 50%, respec- 
tively. Fertility remained high well into December. 

Observations made in Europe (1, 20, 21, 30, 53) also show that in 
the early part of the breeding season, i.e., February to May, breeding 
efficiency tends to be significantly lower than from May to July. Th® 
same trend holds true in the Southern Hemisphere for the corresponding 
seasons. Quinlan et at. (71) working at Onderstepoort, South Africa, 
observed that estrous cycles continued throughout the year in the ma- 
jority of mares, but best breeding results were obtained in November 
(spring), when 56% of the mares became pregnant. No mares settled 
from April to July, when the greatest irregularities in estrous behavior 
were common. Some mares went into true anestrus. 

Nishikawa et al. (69) found the breeding season of the she-ass, in 
Japan, to be beUveen April and September and the period of sexual rest 
m Uecember and January. The intervening months are phases of transi- 
W,lL of In South Africa, the 

in 0<:‘ober to April (54), but jennets 

sorintt i^Ppear to be polyestrous with seasonal variations. In early 
*'*5% Regular and tend to he 
in Lres Sirino “re just as unsatisfactory as 

is maintained well int\re7a™U8.‘M(.'’'“'^“® “ 

objrct oi suradation'fo"'"’',''"® ^'P™duclive function have been the 
the appearance of err ^ time. Livestock breeders have credited 
ing sc’tual aclivitv warm weather for initiat- 

maVe their appearance’ inThc* before these factors 

was, therefore of mechanism must be different. It 

snecoeded in demonslratingln\”^'[’ England (18, 20), 

tary aclhniy, and the corr i” mare initial stimulation of pdui 
brought on by the inrm., ^^^^vation of ovarian functions is 

(fi7) have studied the infl/” in the spring. Nishikawa et el 

InUnouee of onviro™cm",7“ “s'-' Korean pony mares, Tl;e 
Chapters 0 and 7 1 on reproduction is considered i^ 

»f ••nulncs, not" '®“on for Uio peculiar se.vual pattern 
^elic plmwmena, i, founcied in P-rindieity, but also for tlie 

■ me in th e ,n,a,n's pitullary Bv P®®“ 1“' n-rangemont of physiological 
• 'aplnnalion for this, Hammond 

seasonal faCo„ upon S«.a- 
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(43, 45) suggested a basic principle for tlie mare: the pituitary of the 
mare is particularly rich in FSH, but low in LH. As a result of this 
unbalanced production of gonadotropins, the mare is prone to have 
long heat periods because at times insufficient LH is produced to make 
the mature follicle ovulate. During the nonbreeding season, the activity 
of tlie pituitary gland as a whole is depressed, varying in degree from 
individual to individual, resulting in different degrees of ovarian activity 
from anestrus to subestrus. Later in the season, when the activity of the 
pituitary rises, FSH still predominates over LH and, only when sufficient 
LH is available, does ovulation occur, and the heat periods become 
shorter. As a further result of this peculiar balance in the pituitary, the 
balance in the ovary is also on the follicular side, wliile the secretion of 
progesterone is prone to be deficient (41). However, the situation is 
apparently more comphcated than this. In mares \vith irregular cycles, 
unusually high amounts of gonadotropin are circulating in the blood, 
according to Cole (24), which may indicate that the fault does not lie 
with the pituitary, but rather with the ovary, which at this stage is not 
capable of responding properly to gonadotropin. Burkhardt (19) had 
found that the ovary of an anestrous mare does not respond to extraneous 
gonadotropin at all, especially if anestrus is deep, but that ovarian stimu- 
lation can be induced by first treating the ovary with small amounts of 
estrogens. Under proper estrogen tlierapy, the ovary in shallow anestrus 
responds even to estrogen alone with complete follicular development 
and ovulation, and the stimulated follicles contain fertile ova (13, 19). 

11. The Pattern of the Estroos Cycle of the Mare 

The most distinguishing feature of the estrous cycle of the mare and 
other equines is die relatively long portion occupied by the period of 
estrus. MTiereas in other species, estrus is short enough to be measured 
in hours, in the mare it lasts for days. The physiological reason for diis 
peculiarity probably lies in the already mentioned characteristic pre- 
dominance of FSH production in the marc’s pituitary ivith die corre- 
spondingly high estrogen balance of ovarian activity, and the low LH- 
progesterone system on the other side. 

A. The Duration of the Estrous Cycle 

According to Asdell (4), die average length of the estrous cycle is 
22 days, widi a mean from 19 to 23 days. A tabulation by Andrews and 
McKenzie (3) of data reported by invesdgators from many parts of 
the world shows a range of 7 to 124 days. 'Tlie extremely long cycles are 
obviously abnormal, and can be attributed to inclusion of cycles occur- 
ring ill the prebreeding season, and to long cycles brought on by skipped 
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heat periods. McKenzie (62) reported that 249^> of a mare population 
he investigated underwent one or more skipped heat periods during a 
breeding season. 

Andrews and McKenzie’s data (3) show a comparatively ^vide range 
in cycle lengths occurring even during the normal breeding season be- 
tween April and July. In light mares (grade Thoroughbreds), 635® 
behveen 17 and 24 days, but long cycles of 29 days made up 105^* 
Among the draft mares, the modal length was essentially the same, but a 
fair number showed a peculiar tendency to have very short cycles o 
10 to 16 days. 

ConsUntinescu and Mauch (26), investigating 1506 cycles of mares 
of four warm blood breeds, obtained a similar frequency distribution, 
between 19 and 24 days-56%; 9 and 18 days-lOfo; and 25 to 33 days 
-20%. They, too. pointed out that the extremely long cycles are due 
to missed intervening cycles that made up 36% of all investigated cycles- 
Another way of determining the duration of the cycle is that of eslab- 
interval elapsing between ovulations in successive heat 
eliminate any errors introduced by ^^•roDg 
MSt o"’ ° ?'• mare. Yet, Andrews and 

"intcrovuli’tnil procedure, found that the duration of the 

dSten fr^?^™’’ ‘"“l “ 'Vide range svith considerable 

^dts inT,i?’° i" light mares, and 13 to 

this manner “ disWbulion figures obtained to 

mares’ behavior The' *” obtained by observation of the 

arc csscnUally the sam^'Me obtained by both methods 

again, so they must bc'due intervals appear her 

since they are multinl^v* c ® periods and anovulatory' cycles, 

IntervalsVloTo The peculiarly short 

again represented in this series, 


therefore must occur. 


and 


Cummings (27) ^virt, an •,!! period were also obtained by 

days and by Hancock (471 ^ and a range of 12 to 29 

from 15 to 21 days. So average of 21 days, wth a range 

length, an average of 2l't^s> measures the cycle 

t * -it to 22 days is obtained. 
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with, a coefficient of vanation of 42 8 whereas for diestrus, with an aver- 
age of 15 9 days, the coefficient of vanation was 24 47 

Asdell (4) concluded that tlie average ranges between 4 and 9 days, 
but added “that a great deal depends upon the method of testing for 
heat and on the statistical analysis of data, since the mare is apt to go 
out of heat for a short period and to come in agam dunng what is 
e\adently one full heat penod ’ This latter phenomenon is called “split 
estrus ’ and will be discussed later Pubhshed data reviewed by Andrews 
and McKenzie (3) show a v,ader range for estrus, 1 to 103 days It is 
questionable if such long and obviously irregular periods should be 
included Their o^vn data show a range from 1 to 37 days, with a mean 
of 53 days, 74% ranged between 2 and 8 days Light mares were 
inchned to have short penods, 40% of the periods were 3 days or less 
m length In draft mares, the modal length was 5 days, but tlie fre- 
quency distribution curves, although showmg a peak at 5 days, reveal 
longer estrous periods (up to 11 days) occurrmg frequently enough to 
be of practical concern to the breeder Constantinescu and Mauch (26) 
found that 73% of 3837 estrous penods were 1 to 5 days long, and only 
7% were longer than 8 days Trum (75) m a study of over 1500 cycles 
in Thoroughbred mares at the U S Army Remount Depot, Fort Robin- 
son, Nebraska, found that 61% of the heat penods were 4 to 6 days 
long, 11%, 2 and 3 days, 28%, 7 to 9 days, and only 5% over 10 days 
A seasonal variabon m the duration of estrus is also noticeable Trum 
(75) reported a definite trend toward short heat periods in Thorough 
bred mares from spnng to midsummer Penods of less tlian 4 days’ du- 
ration made up 44% of the penods in March, but 78% in July Abnormal 
penods of over 10 days’ duration made up 18% m March, dropped to 
7% in April, to 2% in May, and did not occur at all in June and July 
A correlabon behveen tlie seasonal vanabon in durabon of estrus and 
fertility seems to exist (7, 9) In Mississippi the month of March is not 
favorable for the breeding performance, since 34% of tlie estrous periods 
lasted longer than 18 da}s, that js, the mares were m almost conbnuous 
estrus Even though 66% of the penods were of normal durabon, 5 to 
8 dajs, the ferfahty m this part of tiie season was low Only 14% of 
the scr\aced heat penods resulted in pregnancies The picture improved 
in \pnl in regard to the estrous periods, witli the number of very long 
heat periods dropping to 10% Ferhlity was still very low, however 
In the next 3 montlis, May tliroiigh Jiil}, tlie percentage of fcrblo 
csbous penods reached a normal lexcl, 41 to 50%, at the same time when 
the duration of estrus shifted significanth into the short range In Mav 
63%, and in July 94% of estrous penods were 1 to 6 da^s in Icngtli 
A few instances of estrous periods over 10 da)s long were present m 
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May, but none in June and July. With the advent of very hot and dry 
weather, the heat periods showed a tendency to be longer but still in 
the normal range. The fertility dropped off, then returned to a higher 
level with the onset of cool fall weather. 

The seasonal influences on estnis in jennets in Mississippi is not quite 
as clear-cut as in mares. Estrous periods of very short duration (1 to 2 
days) occur not in the summer but in the fall. 


j. fit. renou 

Fairly general agreement seems to exist among investigators as to 
the variability in length of the estrous cycle and estrus in the mare, 
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tion in the interval between estrous periods makes the common practice 
of teasing mares only on specific days after the last service a precarious 
practice. It is possible to miss 50% of the mares by teasing on tlie four- 
teenth and twenty-first day after the last service as practiced in many 
studs. There was no correlation between the length of estrus and the 
length of subsequent interestrus.” 

Just as unreliable is the practice of checking only on the 16th day 
or 18th day after the last service or after the mare has gone out of heat, 
as mares may run every possible combination of long and short heat 
periods with short or long rest periods (7, 8, 9). 

Extremely long intervals between estrous periods extending over the 
multiples of regular estrous cycles have been reported to occur in mares 
nursing foals. The problem of foal heat will be taken up in the next 
section. 

As a rule the great majority of foaling mares will resume regular 
cyclic behavior. Trum*s data (75) show that foaling mares have normal 
diestrous periods more regularly than barren cyclic mares. Data by 
Cummings (27) show that the first diestrous period following foal heat 
is practically the same as in cyclic nonfoaling mares, namely, 8 to 28 
days, with an average of 14,7 days for the foaling, and 9 to 28 days, with 
a 15.9 days average, in the nonfoaling mare. Britton and Howell (17), 
however, noted cases when mares that failed to settle to service given 
during regular foal heat went into prolonged diestrus lasting an average 
of 5 months. The length of diestrus was correlated to, or rather governed 
by, the milk-producing capacity of the mare. Heavy milkers stayed in 
diestrus up to 6.5 months, and poor milkers for only 2.5 months. Tliis 
would appear to support the contention of horsebreeders who claim that 
breeding at foal heat is essential because, according to their theory, this 
first postpartum estrus is followed by prolonged Oestrus. Fortunately, 
tliis view is contrary to fact. Even in the series reported above, the 
incidence of prolonged diestrus is extremely low. In 16 years, in a 
herd of 36 mares, only 15 mares acted in tliis manner a total of 23 times. 

More frequent are the cases where a nursing mare fails to sho\v 
estrus because of overanxiousness concerning her foal. Careful testing 
for estrus witlx the stallion and checking the condition of tlic reproduc- 
tive organs by palpation easily eliminate many such cases from tlie list 
of nonbreeders (61). However, lactation interferes vdtli ovarian activity 
through inhibition of gonadotropin secretion in certain species, such as 
the sow and rat. It is occasionally reported to occur in the marc. For 
instance, on the Shetland Islands, pony marcs Imng under poor nutri- 
tional conditions rarely produce a foal more than once in two years. 
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whereas mares of the same breed living under better nutritional condi- 
tions will foal yearly (45). 

In this instance, it would be more correct to consider the nonbreeding 
condition as lactation-induced aneslrus rather than diestrus. 

D. Foal Heat and the Interval between Foaling and First Estrus 
Foal heat is the first estrus shortly after parturition. This phenomenon 
is not restricted to the equine species. It also occurs in a few other 
species, such as the sow and the camel. The sow is infertile during this 
heat period, however, because ovulation does not occur. In the mare, 
foal heat is complete, that is, accompanied by ovulation. It is widely 
accepted that: foal heat is the most opportune time to get a mare in foal; 
foal heat occurs persistently on the 9th day after foaling; a mare must 
be bred on this day because foal heat is followed by anestnis; and, even 
> a inare is not in heat on the 9th day, she should be force bred and 
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not substantiate this deduction. In Trum’s study, 56 healthy mares were 
bred during foal heat, but only 24 (43%) conceived. The 32 mares that 
did not conceive at foal heat were rebred on the following heat, and 24 
(75^) became pregnant. Furthermore, only 75% of the mares that 
became pregnant during foal heat produced viable foals. Results empha- 
sizing the risks involved with breeding at foal heat were also reported 
by Jennings (50): an abortion rate 4 times as great as in mares bred 
during regular heat, 15% cases of dystocia, 6 times as many dead-bom 
and nonviable foals. ITie detrimental effects of breeding at foal heat 
had been recognized, described, and publicized by Williams (79) as 
early as 1926. Yet, it has persisted and is still practiced. The failures 
are presumably due to introduction of infection in the uterus by mating. 
This indicates that the defense mechanism in the uterus is defective at 
this time. This assumption is strengthened by the finding of Andrews 
and McKenzie (3) that at foal heat the uterine epithelium is frequently 
incompletely restored; thus, infections could easily become established 
(16, 79). 

Foal beat itself is reported to last from 1 to 13 days (3), 2 to 13 days 
(1), 1 to 8 days (4, 7, 21, 59, 63); i.e., is much like cyclic estrous periods. 
It has the same seasonal variations, shorter in summer and longer in 
winter and early spring. 

Concerning foal heat, the jennet does not differ from the mare (12, 
14, 68, 69). 

III. Physiquogical and HisrrouoGicAi. Changes in the REPRonucnv^ 
System 

A. Ovarian Changes and Ovulation 

The complexity of the cyclic events in equines is caused, not only by 
peculiarities of endocrine nature, but partially also by tlie peculiar 
anatomy and morphology of the ovary. The reproductive organs have 
been described by Hammond and Wodzicki (46). The reader is also 
referred to Kiipfers work (54). 

Tile ovary of equines is a bean- or kidney-shaped organ, and larger 
than in other domestic animals. With sexual maturity, it is appro.xi- 
mately 5 to 8 cm. long and 2 to 4 cm. tliick. Tlie dimensions varj' 
greatly during the estrous cycle as maturing follicles contribute con- 
siderably to its size. At times, they make up tlic major portion of the 
ovarian structure. The ovar)’ of tlic jennet is considerably larger than 
that of the marc, not infrequently reacliing the size of a fist (personal 
obscn."ation). 

Tlic distinguishing anatomical feature of the ovary’ of the se.xually 
mature equine, both the mare and jennet, is tlic o\’ulah'on fossa toward 
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which the Graafian follicles migrate during the process of 
and into which they rupture during ovulation. A serous coa 
the mature ovary except at the ovulation fossa prevents ovu a 
the surface. The follicles, however, are distributed throughout e o 
as they increase in size, they at first protrude from the surface an ^ 
palpable there, then, during the final stages of maturation, they de\ 
a wedgelike extension toward the ovulation fossa. In young mares ^ 
donkeys, however, ovulation is reported to occur on the ovarian sur 
as in other species (4, 46, 54). , 

Determinations of the cyclic phenomena by manual palpation 
possible but sometimes difficult, and subject to wrong 
For instance, during one heat period, several follicles may reac 
siderable size, and the ones not going through ovulation regress ra 
slowly and remain palpable for longer than the cycle in which 
started. Fresh corpora lutea contain fluid and blood-filled cavities ^ 
so feel like follicles until luteal tissue develops, when they can he ^ ^ 
tinguished from follicles by their roughness (2). Also, wth advancmp 
age, especially in irregular breeders, the ovary contains more connecti' 
tissue and remnants of old corpora lutea, making it unpliable. The 
morphological changes, therefore, become less distinguishable ; 
palpation. 


During deep anestrus, the quiescent ovaries are small and shrunkefli 
wd their surface may be smooth or contain firm nodules of stromal tissu ' 
Occasionally, follicles up to 1 cm. in diameter may be palpated. 1 
s nhmv anestrus, and when the breeding season approaches, the ovar>^ 
sirnmT due to an increased blood supply to 
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extraneous source of gonadotropin, or if the mares pituitary is stimulated 
into increased LH production by administration of an estrogen, ovula- 
tion can be induced and the estrous period shortened (18, 19, 20, 28, 45 , 
62, 65, 66). Anotiier peculiarity of tlie mare is that during tlie prebreed- 
ing season the nonovulating follicles rarely develop into large cysts, as 
one would expect, because of the one-sided FSH balance. Instead, tliey 
regress. According to Burkhardt (20), large cysts are found occasionally 
after the breeding season, but these, too, regress. Failure to ovulate and 
regression of tlie most advanced follicle occurs also during “split-estrus. " 
In this instance, the mare is in heat for several days, out for a few days, 
and then back in heat. In such instances, the follicle next in line takes 
over and proceeds toward ovulation (66). Fertility in split-estrus is nor- 
mal if breeding is performed during the growth of the new follicle (3). 

During tlie normal breeding season, the onset of estrous behavior is 
associated with the appearance of a palpable follicle that may protrude 
any\vhere on the surface of the ovary but more frequently at the poles. 
There is no uniformity to the size of the active follicle. Follicles as small 
as 1 cm. in diameter as well as large ones with a diameter of 7 cm. 
can be detected at the time of onset of estrus (66). In early heat, most 
follicles, regardless of size, are tense and their walls taut. As estrus ad- 
vances, follicular size increases, but the definitive follicle size is uot 
constant at ovulation. A follicle no larger than 2 cm. in diameter may 
ovulate, as may one the size of a tennis ball (3, 75), Tlie physical con- 
dition of the follicle serves as neither a reliable indicator of its maturity 
nor as a diagnostic means for predicting tiie time of ovulation. 
investigators claim that the capsule of the follicle becomes softer wth 
impending ovulation, but tenseness may persist or even increase just 
before ovulation. The migration of the maturing follicle toward tJio 
fossa sometimes can be followed by palpation. Usually the closer it guts 
to the fossa, tlie nearer the time of ovulation, but, again, follicles located 
at the poles may ovulate. In ovaries that are not too fibrous, die wedge- 
like protuberance of the mature follicle toward die fossa can be dis- 
tinguished, and this has been suggested as an indication for approacliiug 
ovulation (58). Ovulation is recognized by a more or less sudden release 
of internal pressure, when not only the follicle but the entire ovaf)' 
becomes flaccid and soft. 

Transformation of the follicle into a corpus lutcum after ovulation is 
rapid. According to Hamilton and Day (39), "within about 8 hours, 
die follicular cavity fills with a blood clot, and for 10 hours or so it is 
soft and pliable to the touch until 24-30 hours after omiation when 
is plum-likc in consistency. It then becomes firmer and less conspicuous 
by palpation until by 4 or 5 days after ovulation, it is no longer palpable. 
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except that the ovary with the corpus luteum is normal y a ^ 
the size of the inactive ovary.” The corpus luteum increases m 
about 4 to 5 days after ovulation, but it never reaches the 
mature follicle (48). It reaches its maximal development at tn 
day of the cycle. The corpus luteum functions for 15 to 1 
period of diestrus in a normal heat cycle, and it persists anatomica ) 
a relatively inactive state during the 2 or 3 cycles following its o 
Uon (35, 46). 

Much effort has been directed toward determining the exact 
ovulation. It is well established that ovulation takes place 


ly, and there is no experimental evidence to indicate that the^ ^^gria- 


copulation hastens the onset of ovulation. In view of the great ^ ^ 
bility in the duration of the estrous period and because of the van 
in rate of follicular development, it is difficult to “fix” the time of 
tion. Assuming that an estrus of 4 to 8 days is normal, ovulation can 
estimated to occur between the 3rd and 6th day. In short periods 
than 4 days, ovulation may occur within 24 hours after onset of es 
Ovulation determines the end of estrus because behveen 24 to 72 
after ovulation, the mare ceases to show symptoms of heat (29» ^ 


^ hormones responsible for estrous behavior 


ably are not present in sufficient amounts after this time. In exception 
instances, mares are reported to have sho^vn estrous behavior for 
U days after ovulation (75). Inversely, ovulation has been observefl 
as late as 5 days after the end of estrus (3, 29, 30). 
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B Changes tn the Genital Tract 

The genital tract undergoes definite changes during the cycle which 
are noticeable by visual and manual observation These changes are 
correlated to corresponding changes in the ovary They can be, and 
in practice are, utilized for detection of estrus and the optimal time 
for mating Considerable variation exists, however, and the transition 
from one phase to the other is not as clear-cut as m laboratory animals 
Thus, the changes in the reproductive tract are not always dependable 
indicators of ovanan activity Durmg the early part of the breeding 
season, with its pseudoestrous heat periods, “vaginal estrus” is associated 
with intense sexual desire, but ovarian function is incomplete (59) 

Dunng proestrus, the labial folds become loose, the vulva pendulous 
and vascular, especially m multiparous mares During estrus, vulvar 
tone increases and tlie labia are swollen Rhythmic contractions of tlie 
labia during teasmg with the stallion, exposing the clitoris, together witli 
hyperemia, are the most manifest indications of estrus Similar contrac- 
tions of the labia after urination are not indicative of estrus 

The changes in the vagma are quite definite in the healthy mare Use 
is made of die appearance of the vaginal epithehum for detecfaon of 
estrus in mares that fail to show estrus with a teaser stallion Dunng 
anestrus, and dunng late diestrus, the walls are partially glued together 
by a sticky, grayish secretion that makes the introduction of an un- 
lubricated speculum or arm diflBcult The epithelium has a dull, anemic 
appearance and is rough to the touch 

With approaching estrus, the adhesive quality of the vaginal secre- 
tion IS less pronounced and in the anterior part a small amount of slimy 
mucus can be found The walls of the vagina become more vascular 
and velvety 

With onset of estrus, when the mare shows definite receptivity to 
die stallion, the phenomena noticed during proestrus become more in- 
tense Considerable amounts of a thin, yet clear mucus accumulate in 
the vagina, but may be absent in fully receptive mares because it may 
be expelled It is partially of cervical ongm Its presence and degree 
of viscosity are the most dependable indicators for the presence of a 
mature follicle and approaching ovulation In mares that remain in 
estrus for protracted periods the flow of mucus docs not conbnue to 
tlie same extent and the vaginal walls tend to become dry and stick}'. 

Very significant and, tlierefore, useful are tlie changes m the cer\Lx 
Wlien the mare is not in heat, this organ is rather firm, and has the sliapc 
of a dull cone Frequently, tlie protruding cone lies on tlie floor of the 
xagma, and is covered by a dry, gummy secretion Although the cervix 
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is closed, it is rarely as tightly constricted as in the diestrous co\' . 
proestrus, secretory activity increases and more and more fluid 
lates around its base. During estrus, and particularly during the 
close to ovulation, the position of the cervix shifts posteriorly- ^ 
cervical muscle tone is now characterized by its tactile sensitivi^- 
becomes erectile so that on being palpated it changes within minu e 
from a state of complete relaxation, resembling a rosette with 
loose folds around the os uteri, into a firmly constricted cone. Dunng 
this phase, distinct, grasping contractions of the cervical sphinctor muse 
can be felt. These contractions probably occur also during copulabon 
and may permit close apposition of die expanded glans penis to facihta e 
deposition of the ejaculate into the uterus. Relaxation of the cervix is 
especially pronounced in mares during foal heat, but in this instance 
the contractions following copulation may not occur. In mares that are 
bred too early in the estrous period, the cervix does not open sufficient y 
and semen may be deposited in the vagina. In a mare \v’ith a healthy 
cervix, bred during the state of full estrous activity, no semen or only 
residual portion of the ejaculate is found in the vagina after copula- 
tion Following estrus, the healthy cervix returns to a less responsive 
resting state, and between the fifth and tenth day of the interestrous 
period It IS closed and contracted. 
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is a lack of epithelium over large areas of the uterine mucosa, and de- 
generating glandular epithelium is seen. The histological changes in the 
reproductive tract are described in detail by Hammond and Wodzicki 
(46) and by Andrews and McKenzie (3), and are reviewed by Asdell 
(4) and Eckstein and Zuckerman (36). 

The vaginal smear is not distinctive during estrus. No cell type is 
characteristic for any stage of the estrous cycle. Comified and nucleated 
epithelial cells and leucocytes are usually present during all phases of 
the estrous cycle (3). Russian workers had, at one time, claimed that 
during estrus the vaginal smear consisted predominantly of leucocytes. 
Mirskaya and Salzman (66), on the other hand, reported that during 
proestrus the smear contained epithelial cells and during estrus, comified 
cells and leucocytes. Comified cells persisted until metestrum when 
epithelial cells and leucocytes became predominant (64). 

Andrews and McKenzie (3) summarized the findings of their detailed 
investigations as follows: 

“The epithelium of the vaginal mucosa reached its greatest height 
during estrus and a minimal thickness was usually recorded between the 
5tih and 15th day of interestrus. 

“Cornification of the superficial layers of the vaginal epithelium was 
never marked but tended to be more prominent during estrus tlian at 
any other time. 

“During the estrual cycle, leucocytes were most abundant in the 
stroma and vaginal epithelium at tlie time of estrus, and least numerous 
between the 5th to 10th day of interestrus. 

“Stromal blood vessels were most congested during estrus, least 
prominent at about the 10th day of interestrus, and comparable to the 
interestrual condition during early and later pregnancy. 

“During the sexual cycle, die height of the uterine surface epithelium 
was usually greatest during the latter stages of estrus and the first 5 to 
8 days of interestrus. The minimal height was usually observed between 
the lOth and 15th day of interestrus. 

“The diameter of the uterine glands and tlie height of the glandular 
cpiUielium were greatest behvcen the 3rd day of estrus and die 5th day 
of interestrus and were least during die 6 to 7 day intcr%'al prior to 
the onset of heat. 

“Leucocytes were present in large numbers during the period of in- 
volution of the endometrium, Tliey were most numerous during cstnis 
and least prominent at about the lOlh day of interestrus. 

“Tlic stromal blood vessels were prominent prior to foal heat and 
during the cycle, were most congested at die lime of estrus and least 
congested at about the lOlh day of the inlcrcslnial period." 
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The cyclic changes in the histological picture of the cervix we 
described by Hammond and Wodzicld (46). During estrus the secre o 
of mucin by lining epithelial cells and by epithelial cells of the ce^c 
glands contribute to the estrous flow of thin mucus. After ovu a o 
these cells become cuboidal. Around the 8th day postestrus their sec 
retory activity is low (3). 


D. pH of Vaginal Secretions 

Inasmuch as semen deposition during copulation takes place in 
uterus through the open cervix, the pH of the vaginal secretion in ^ 
mare is unimportant Andrews and McKenzie (3) found slight vana 
tions throughout the cycle, nonetheless. In general, the vaginal mnc 
is more alkaline prior to ovulation and less so following ovidation ^ 
during diestrus. The lowest vaginal pH occurs between the 5th and 1 
day of diestrus. 

The cervical mucus is slightly less alkaline, and, in some cases, it 
slightly acid. 


IV. The Behavtoral Pattern of the Cyclic Mare 

Since hand breeding is widely practiced in present-day 
enterprises, the correct InterpretaUon of the sexual behavior and 
wnelatlon to physiological events within the mare is of great importan^ 
detecting mares ready for service, selecting the optimal time for 
breeding, and ehecldng for recurrence of estrus. 
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mares, however, and behave in a manner similar to that shouTi when in 
the presence of a stallion. 

Most mares exhibit an increase in desire as the follicle matures, but 
individual variation is great. A mare \vith a small follicle may show heat 
mth equal intensity to one with a large follicle. 

Another feature that also can be used for determining the presence 
of estrus is the behavior of the stallion. A good teaser stallion responds 
to a mare in heat by becoming more excited. If the mare is not in heat, 
he soon loses interest. Possibly, stimulation is by a specific odor emanat- 
ing from the mare. If tliis is true, its site of origin may be in the region 
of the flank, not around the genitalia. 

After reaching the stage of highest sexual excitement, usually coincid- 
ing with ovulation, the symptoms abate wthin 2 or 3 days, with gradual 
loss of interest imtil the diestrous stage of resistance to the stallion is 
reached. Expression of nonreceptivity, too, varies from mare to mare. 
Some become aggressive toward the stallion, some are merely disin- 
terested, and some continue to be mildly interested in tlie stallion 
throughout diestrus, giving a confusing picture. In earlier times, un- 
trained personnel used the malpractice of vigorous teasing on the premise 
that a mare could be teased into heat and acceptance. The decision 
concerning the time of mating should be based upon the condition of 
the ovaries as determined by rectal palpation as well as on behavior. 

Subnormal estrous behavior with apparently normal ovarian changes 
characteristic of estrus is a frequent occurrence. McKenzie (62) re- 
ported dvot te o mote popvdodott stedted by biya, p^ssod tbto\Jg,b 
an entire breeding season \vithout showing any signs of heat. That 
these mares were capable of reproducing was demonstrated by the fact 
that 68y& became pregnant with artificial insemination after their estrous 
cycles were established by palpation of the ovaries and observations of 
tlie reproductive tract. Periods with physiological or silent heat also 
occur intermittently behveen regular heat periods. 

Andrews and McKenzie (3) presented in graphic form tlie cyclic 
behavior of mares, using a scale for the intensity of “psychologicar reac- 
tions graded in 8 steps ranging from “very receptive” to "very actively 
resistant,” which demonstrates the fluctuations of sexual behavior 
tliroughout the cycle and tlie variations between individual marcs. 

V. Adaptation of the Breeding Program to Cyclic E\'ents 

Because of the great variation in responsiveness of tlie reproductive 
system of indiWdual marcs to seasonal factors, It seems advisable to 
establish before the start of breeding operations the degree of reproduc- 
tive preparedness of eacli marc. At the present time, the only available 
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criterion for this is the type of estrous cycles. Normal cycles with short 
estrous periods during the prebreeding season would reveal the com- 
pletely polyestrous individuals that are either entirely independent from 
extraneous stimuli or are highly responsive of them. They are ready 
to be bred as soon as it is practical. Those that are less responsive 
and take longer to reach full reproductive capacity, as signified by 
the degree of estrous rhythmicity, cannot be bred successfully until 

their reproductive system gets into balance. 

Hormonal therapy has become a valuable aid for achieving a hig 
degree of reproductive performance both by terminating anestrus and by 
correcting aberrations during the cycle. Although gonadotropin adminis- 
tration has not proved effective in mares in deep anestrus, shallow anes- 
trus can be overcome by administration of gonadotropins. Subcutaneous 
administoation of 1000 to 2000 lU of equine gonadotropin has been 
reported to be effective as a supplement to tbe lagging pituitary (4, 6, 
’•^7 ^ Another approach is to stimulate the mare’s o^vn 

pitmtary by the administration of estrogen. With this method, however, 
against pituitary suppressing effects by excessive dosage* 
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usually mares are bred too soon, especially if only one service is allowed 
during estrus 

Hammond (43) said that the “fertility of matings gradually rises to 
a peak about 2 days before the end of estrus and then falls off sharply 
during the last 24 hours of heat to total stenhty later,” but successes have 
been reported YVith services delayed for 12 to 24 hours after ovulation 
(4) In mares with short heat penods of 1 to 3 days, service should be 
performed on the first day, m others on the 3rd or 4th day and again 
48 to 72 hours later If estrus persists longer than 8 to 10 days, services 
should be disconbnued until the next heat penod ( 64 ) 
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Part 1: The Ewe 


I. Introduction ^ 

The ewe is a seasonally polyestrous animal in which the 
annual consecutive cycles ranges from 1 in the primitive moun 
to 20 or more in the Merino (68, 69, 86, 107). Seasonal vana 
fertility exist even in those breeds which exhibit little, if a^, ane ^ 
period. Inability to breed British mutton and long-wool brM s ^ 
major part of ^e year presents an acute problem of prachca ® 
husbandry. Hence the estrous cycle of the ewe has been the su ] 
of intense study since the publication of Marshalls original wor' 

1903 (85). 

II. The Sexual Season 

The number of recurrent cycles characteristic of the various 
and breeds of sheep appears to be related to the severity of the _ 

ment in which their progenitors evolved (51, 55). The Scotch ® 
faced and the Merino are extreme examples of domesticated sheep* 
former evolved in a harsh environment in which only lambs 
a restricted period of the spring had any chance of survival. 
therefore has been toward a type of ewe with a very short breed ng 
season. No such strong natural selection operated on the progenitors 
of the modem Merino sheep. They evolved in a relatively beniga 6a 
vironment in which lambs born at any time of the year bad a chance 
of survival. Nevertheless, even such sheep have an intrinsic annua 
rhythm of reproductive efficiency, which reaches its peak in the autumn 
months (2. 68, 69, 146, 147. 148). In the British mutton and long*woo 
ree s this rhythm is expressed in a manner intermediate between ® 
ot the Merino and the mountain breeds: anestrus is a period of relative 
rather than absolute quiescence, during which changes in the ovaries 
and accessory reproductive organs, unaccompanied by overt estnis, 
commonly occur (115). ^ 

factors on the sexual season is coa- 

cmironmi-ni t t'®.'' appears to be the most fundamenta 

ImtX 155. 156). Figures 1 and 2 d- 

aUivitv in sever ‘'«= 'angth of daylight and sexual 

this nholoncriodie’"'"!" f '’'“I*' °'l'” environmental factors modify 

onset o! the sevinl '"'*'“1'°'' is repotted to delay ' 

at txiTnp.rrerl witli a cycles in a favorable environmc . 

P "ith - or 3 .n the highlands (51). On the other hand. 
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Fic 1 The relabonship bebveen the breeding season and the length of day- 
light at different labtudcs From Hafez (51 ) 



21 21 21 21 21 
Fic 2 Diagrammabc reprcsentabon of the relationship l>ct\\ecn tlie breeding 
and nonbreeding seasons of se\enil breeds of sheep and the photopcriodic xh^lhni 

curve of reproductive actiWtv, curve of divhghl hours Dale* 

refer to Southern Hemisphere 


Length of daylight (hr) 
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numerous authors report difficulty in modifying ^nlancof 

sexual activity begins in British lowland breeds by altering * ^ -o go 

nutrition (4, 13. 16, 87, 138). Earlier evidence to the cont^ K - 
155), a cool climate appears to influence favorably initiation o 
activity in sheep (32). Psychic factors may be involved. Tims, a 
anestrous period is shown in the spring by Merino mves in co 
association with vasectomized rams (69). Tliis observation is at van 
with overwhelming field evidence that introduction of rams to segreg 
Merino ewes in spring results in reasonable lambing performance, 
troduction of the ram into an anestrous flock appears to hasten 



t»TE OF SERVICE OD 

.V . introduction of the ram at the start of the breeding seas 

the madence of estnis. (A) All ewes in the fioch; (B) Differential effect on 
of CTosshreed, namely, Border Leicester X Merino and Romney 
^nno. Rams were fetroduced on January 21. by which date Romney 
^es fenced their intrinsic estrL AyLr. Border Leicester X ^ 
u^ccLL^ Ae chararterislic psychic response to 

unaccustomed presence of the ram. From Papadopoulos and Robinson (100)- 

Mot of rt,™ 139). As shosvn in Fig. 3. manif^ 

. phenomenon appears criUcaUy dependent upon the ov^ 
M mrinfl I-Wnsio. as weU as esLsic. enWronmental fac 

asi^jcaleilbytheeffectof aeefoi 50 o, ioqn 

'>d*'gon^doir^“°H selon of the ervo. 
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“silent heats” have also been reported toward the end of the breeding 
season (84). The former type invariably ensues when ovulation occurs 
in the absence of a corpus luteum from a previous cycle (115), while 
it appears probable that “silent estnis” at the end of the breeding 
season is due to an insufficiency of estrogen (see below). 

III. The Estrohs Cycih 

In 1900, Heape (63) described the phases of the cycle as proestrum, 
estrus, metestrum, and diestrum. This terminology is still in general use 
but the suffix “us” has generally replaced “um” in modem literature. 
The characteristics of the cycle of the ewe have been described (44, 81, 
86, 128) and the literature reviewed (5, 84) by a number of authors. 
The phases of the cycle discussed below are as defined by Asdell (5, 
p. 20) for cycles which include an active luteal phase and in which 
metestms is defined as the brief period of formation of the corpus lu- 
teum, and diestms as the relatively long period of luteal activity. 

The duration of the cycle is remarkably constant, with a mean of 
16.4 to 17.5 days (modal range, 14-19 days). Merino and Kambouillet 
ewes have cycles about one day longer than Scottish and Navaho ewes, 
with the British breeds intermediate (Table I). Williams et al. (149) 
report that early and late in the breeding season the number of ab- 
normally short (< 14 days) or long (> 19 days) cycles is dispropor- 


TABLE I 

Length of the Esthous Cycle in Sheep (5) 


Breed 

Length of cycle 
(days) 

Range 

(days) 

Remarks 

Scottish 

16.4 ±0.8 

15-18.5 

Mode, 16.5 

Navaho 

16.44 ± 0.10 



Hampshire 

16.5 


Flushed 

Shropshire and 

16.7 


Mode, 17; 68% from 

Hampshire 



15.5-17.5 days 

Romney 

16.7 


Mode, 17; 89% from 




14-19 days 

Merino 

16.8 

12.5-18 5 

Mode, 16.5 

Tzigai 

17 

16-21 


Dorset 

17 



Merino 

17 



Romney 

17.0 

14-39 

91% from 15-18 days 

Hampshire 

17.2 


Unfiushed 

Merino 

17.3 


Mode, 17; grades 

Merino 

17.4 ± 0.08 

6-27 • 

Mode, 17; SD, 1.8; 85% 




from 16-19 days 

Rambouillet • 

17.5 

13-21 


Tzurcana 

17.5 

15-20 
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tionately large. Not all authors agree (21). Part of this 


probably due to dilferent methods of determining cstrus. ^ 
tedious method of yarding twice daily and teasing, as used by o , 


Miller (21), is probably more acciiralc than the more common y 
method of turning in vascctomizcd raddled rams with the ewes. 
latter method has the advantage of practicability for largc-sca e 
observations. i r ed 

Proestrus in the ewe, as in other species, is relatively ill- 
There is rapid growth of the definitive folliclc(s), accompanie 
increased estrogen secretion which stimulates proliferative chang^ 


the accessory organs. During a short period, usually less than an hou > 


the ewe evidences increased restlessness, tail w'agging, and courting o 
the ram wthout acceptance (84, 107, 109). 2 

Extreme differences in the duration of overt cstrus, ranging from 
to 84 hours, are reported both between and within breeds. These re- 
ports demand careful interpretation, since many factors, such 
relative stage of the breeding season, nutritional status, and libido o 


the ram, can affect the observed period of receptivity. Generally 


ing, ewes can be expected to accept the ram for a period of ^ 
hours. Young sheep tend to have shorter heats than old sheep; ^ 

mate less frequently and to fewer rams (68, 72). Sterile service may 
possibly shorten slightly the duration of estrus. Heat shows no tendency 
to appear more frequently at any specific time of the day (84). A 
ceding to Kelley (68), vaginal and perineal swabs from eslrous ewes 
atoact the ram when applied to pregnant animals, suggesting that t 
ollactory sense is important in mating behavior. , 

unng the early stages of metestrus, the ram is attracted but no 

^ defined above, metestrus is roughly the period 
which the influence of r-‘ & 7 . -j v.v a 


estrogen is declining. This is followed by ■ 


period of apparent sexual quiescence — diestrus — during which the in^ 


fluence oj the corpus luteum is predonrinant. The cyclic activiUes 


followed sufficiently closely to permit accurate 


delimitation o! any phasroTth 

y pnase of the cycle other than estrus. 

Cyclic Chances in the Repkoductive Organs 


7 T' T1. 1 Ouaru 

A Fo Itculcr Maturation and OouUtion 
According to Cole and 1 


rt.= ^r^ml cniSv "o new ova are produced 

Ihcl™ llnring the sexual life of the sheep, although 


"Vm prepSd T "“’S'nic layer heW th^tunica* albugine»- 

prepubertal ovary fa Fre- 
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sumably waves of follicle growth and atresia occur prior to the first 
ovulation, as in the anestrous mature ewe in which quiescence is only 
relative (21, 113). 

The cyclic ovary is characterized by a follicular phase which spans 
proestrus and estrus — 3 to 4 days — ^followed by a luteal phase of some 
13 days. 

Except at the beginning of the breeding season, the proestrous ovary 
is characterized by (a) one or more developing follicles which are 
destined to rupture toward the end of the ensuing heat period, and 
(b) a degenerating corpus luteum from a previous cycle. Both are es- 
sential prerequisites for normal estrus. The ripening follicles are large 
and tiu'gid and generally easily distinguishable except in maiden ewes 
in which they may be less than 5 mm, in diameter. 

Growth and rupture of the follicle during estrus have been described 
by several authors (21, 80, 83, 84, 107) and the literature reviewed by 
Asdell (5). Growth is rapid. All the folh’cle layers become thin, vas- 
cularity increases, and the follicle swells beyond die surface of the ovary 
and becomes dome-shaped. In the mature ewe it is now about 10 mm. 
in diameter. About 1 hour before ovulation a smaU, round, transparent 
ovulation point appears, within which a cone forms immediately prior 
to ovulation. This ruptures and the follicular fluid flows out— it rarely 
spurts — and the follicle gradually collapses. Initially thin, the fluid 
becomes viscous wthin 2 or 3 minutes. 

Ovulation is spontaneous and independent of coitus. Observers who 
report a slightly accelerated termination of estrus when mating occurs 
stress that die time of ovulation is unaffected (84). Estimates of this 
time, relative to the time limits of heat, vary somewhat, due no doubt 
to die labile nature of estrus and, perhaps more importandy, to die 
lack of sufficient care in determining the initiation of estrus. The only 
reliable conclusion to be drawn from the many reports is that ovulation 
occurs at about the end of estrus (3, 13, 84, 107, 132). 

Tlie number of ovulations — 1 or 2, occasionally 3, rarely 4 or more 
in most breeds — undoubtedly constitutes a factor limiting fertili^’^ (53). 
Characteristic breed differences exist and are reflected in fecundity, as 
tabulated by Asdell (5). These breed differences notwitlistanding, the 
number of ovulations is considerably influenced by age, stage of die 
breeding season, and plane of nutrition. The number of ova shed at eacli 
heat period reaches a maximum between 3 and 6 years (8^1), and 
some time after the start of the breeding season (7, 44, 56, 84). The 
time-honored practice of “flushing” owes by placing diem on a high 
plane of nutrition shortly before joining appears to operate by increasing 
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the number o£ ova shed. El Sheikh ct at. (39) compared the numljcr o 
ovulations oE two groups oE ewes joined and slaughtered together a ter 
having been kept for 6 months on a high (roughage and grain) and a 
low (roughage only) plane of nutrition, respectively. Tlic average nuw 
bers oE ovulations were 1.81 and 1.27, and 1.66 and 1.01, respectively, 
in the 2 successive years oE the experiment. 


2. Formafion of the Corptts LutcuTn 

There is no hemorrhage into the cavity oE the ruptured EolHcIc, but 
a small clot may close the opening. Tim follicle walls grow in and the 
cavity is more or less completely closed some 30 hours after ovulation- 
The corpus luteum is developed from both granulosa and theca interna 
ce , but tbe lutein cells are mainly of granulosa origin as those of t 
theca rapidly degenerate. 

The corpus luteum reaches its maximum size at about 6 to 8 d^y*' 
It IS then reddish-pink in color, but gradually becomes paler as dies^ 
aWs After the 14th day fatty degeneration is rapid (107). 

em cells measure 25-30 n at first, and gradually increase in size unW 
aegeneraUon commences (143). ^ 

1- Physiological Changes^' 
ova^ 

increase in heiAt -^1 cUiated columnar epithelium and i'’® “ 
luS™ ms ‘ development of the corp^ 

HistoAeSlJ r 'i“™g diestrua (14. 50). 

pnlysacchiide” is mucoprotein or 'neutral tnuO^ 

proestrus and estrus (S 50^^^ epithelial cells 

estious value of * o ' this time from the 

and metestrus (481 it “ *" P‘'nestrus and to 6.8-7.0 in estn« 

are associated ;ith''th; r.r.~“- to assume that these ^ba^S 

and ovum transport an^fot'fe’n"^ ™ oplmal environment for speP” 

2 . Ovum Transport 

p p (17, 49). ‘“.'iiameter and its zona pelludiJa. 

just after ovulation (211 ^ usually extruded just before o 

fertilization must occur wift,* ® cells are nonpersistent a® 

tbc upper third of thp ^ hours of ovulation, apparen y 

“1-38 hours after ovulation “'‘06,45). First division occurs sa® 

ovutatron and subsequent cleavage foUorvs fanl)’ 
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rapidly; 3- to 4-cell and 8-cell tubal ova can be recovered at 26-32 
and 42^S hours postcoitus respectively, and 16-ceIl at 65 hours (16, 
46, 151), The ovum enters the uterus at about 70 hours, usually in the 
8- or 16-cell stage (6, 16, 151). 

Since ciliated cells extend the whole length of the oviduct (84), ovum 
transport is probably similar to that in the rat, namely, by a combination 
of peristalsis and ciliary action (97, 101, 106, 152). 

Ovrun transport is greatly accelerated when ewes are multiple- 
ovulated with equine gonadotropin (PMS). If the dose is excessiye 
(e.g., 2000 I.U.) fertilization may be impaired (114), but segmentation 
of those eggs which are fertilized, although temporarily slowed down, 
is normal by the 9 th day (153). 

3. Sperm Transport 

The rate and efficiency of sperm transport appears to be critically 
related to the condition of the reproductive tract, and varies greatly 
from ewe to ewe. This may account for the wide discrepancies in the 
reported times of transport of sperm from the vagina to the oviduct, 
which range from 6 to 25 minutes (132, 133) to from 5 to 8 hours (25, 
29, 45, 108). 

The cervix, which is a formidable barrier (25, 27, 28, 29), appears 
to act as a reservoir for viable sperm, and survival times of up to 78 
hours are reported (28, 108). Estimates of survival time in odier parts 
of the tract are: vulva — 3 hours; vagina — 6 to 12 hours; uterus and 
oviduct — 9 to 30 hours. 

Studies by Dauzier (22) suggest th,it transport, parh’cularly tljrough 
the cervix, is effected by spermatozoal motility. 

C. Uterus 

The original observations of Marshall (85) on cyclic uterine changes 
h.ave been confirmed and considerably 0.1:100606 (14, 21, 84). Edoma 
and incre.'ised vascularity are evident in both cotyledonary .and inter- 
cotyledonary areas at eslrus and metestnis. This is followed by in- 
creases in the growtli and coiling of the uterine glands, of the height 
of the b.asal epithelial cells, and in mid-cycle by a folding of the free 
surface of the epithelium. Leucocytes are present at all stages, but ap- 
pear in greatest numbers late in dicslnrs. 

V. Cervix 

Tire cem'cal glands are relatively simple in ancstms (21). Hie 
mucin of the ccr\>ic.al secretion of procstnis and cstrus builds up in the 
cersical celts during dicstrus (SI). 
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E. Vagina 

Cyclic changes in the vagina, while not particularly markc , 


(44, 


are 

62. 84). 


generally similar to those observed in other species v - - 
Growth o! the epithelium is continuous and is slightly acccl ^ 

estrus. In late estrus and in mctestnis desquamation „ 

many as 4 or 5 cell layers may he shed. Tills shedding is regio 

general (44). . eliuffl, 

Lymphocyles and leucocytes arc usually present in the 
but the incidence of the latter is greatest from early to mi ^ 

Edema of the vaginal stroma is characteristic of late procstnis an 
estrus (4). 

F. Vaginal Smear 

1. Cyclic Changes in General Smear Pattern ^ 

At estrus there is a copious Bow of very thin mucus containmg 
lively few cells. Leucocytes are almost entirely absent. By ^ ^d 
day (metestrus) the volume of mucus has decreased markedly 
viscosity increased. Smears now contain large quantities of^desqus 
cells, many of which are comified, and have a “cheesy app®^^ 

Such smears persist for 2 or 3 days, during which period the p. 

leucocytes progressively increases. These persist until the next p 
estrus. In mid- and late diestrus (days 8 to 14) smears are scanty 
consist mainly of leucocytes and cellular detritus with a few squamo 
cells (4, 21). 

These changes, described in general terms by earlier authors, ha 
recently been defined in terms of the various components of the . 
(1^). These components are (a) mucus; (b) leucocytes; (c) squam 
and nucleated epithelial cells; (d) comified cells; and (e) ceUolar 
detntus. 

2. Cyclic Changes in Constituents of Smear 
Mucus is invariably present; its nuanUty and viscosity vary 
mously ™,h the stage of the eyefe EstruL--silent” or overt-s ac 
XnnT'* 8“" o' OdB cervical mucus which shows * 

s.tn TurTV “yf 'h^Uon.- Le, theprodnetion of a femUke 
when sp ead on a dry glass sUde (79). After persisting for a day ' 
U '--aiest Poring diestrus 

n vs scanty and usually thick {Fig 4 ) 

us 114? rode r ''f=PPoaran«r of leucocytes is not as clear.e^ 
horn the They nTver entirely disapp^ 

any stage of the cycle of many ewes. Neverth® 
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disbnct rhythmic fluctuations occur in the relative numbers present in 
individual smears (Fig. 5). Relatively few appear on the day of estrus 
and for 2 or 3 days thereafter. They reach their maximum incidence by 
the 5th or 6th day, from whence they appear consistently until the day 
of the next estrus. 

GROUP I SPAYED — UNTREATED. 

20 


lO 



‘ ‘ « » I « I 1 1 1 » 1 1— I 1 

"> o I 2 3 5 6 7 8 9 lo II 12 13 14 


DAY OF CYCLE 

Fig 4. Cjclic changes in the Nnscosily of mucus in \agjnal smears of the cue 
The figure illustrates the number of smears which contained mucus classed .ns 
“thick” on succcssisc days of the estrous <^c!e in entire ewes (Group •!) and in 
spnsed animals untreated (Group 1), injected with estrogen alone (Group 2), or 
with estrogen followed bj progesterone (Group 3). Estrus = da) 0 Estrogen 
(Estradiol benronto, EDB) injected on day 2 Progesterone (prog) injected In 
Croup 3 on days 1 to 12 n =: 20 From Robinson and Moore (123). 



T. J. ROBINSON 

•, , libers of nucleated epithelial and squamous cells arc an 
111 .'ole sequel to estrus. The former type occasionally appear 
'i 1 and are generally present in the smear of late estrus, by 
'i ti !" they are accompanied by large numbers of squamous cells, 
the ue.st 2 or 3 days the latter cell type tends to dominate the smear 

CROUP 1 . SPAteO UNTRtATeO CONTROL. 


I 0 B iNjecreo on days t 
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CROUP 4. ENTIBt — NORMAL ISTROVS CYCLCB. 
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Fig. 5. Cyclic appearance and disappearance of leucocytes in the vaginal smear 
of the ewe. The figure illustrates the number of smears classed as positive for leuco- 
cyte m two successive cycles. Group treatments and reference are as in Fig. 4. 


picture, usually but not invariably accompanied by many cornified cells. 
Thenceforth the numbers decrease rapidly and by mid- to late diestrus, 
smears are usually scanty and relatively free of intact cellular elements. 

Cornified cells usually appear in small numbers on the day of estrus, 
but .some may be present in procslrus. Their number increases rapidly 
and reaches a maximum 2 days after estrus, by which time about SOfo 
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of smears may be expected to consist almost entirely of a dense cheesy 
mass of squamous and comified cells. 

Several additional, rather ill-defined cell types occur. For example, 
spherical epitlielial cells are of two types. Large nucleated cells, pre- 
sumably of vaginal origin, with fight-staining cytoplasm and clearly de- 
fined nucleoli, predominate. Smaller cells with dark-staining nuclei are 
occasionally observed, and are probably analogous to cells described 
for the cow by Hansel et al (59) and believed to be of uterine origin. 
Their presence is of no value in determining the stage of the cycle. 

The smear of late diestrus is characterized by the presence of de- 
generating squamous cells, accompanied by a few nucleated epithelial 
cells and some leucocytes. 

3. Definition of Estrogenic Actioity 

Robinson and Moore (125) have recently developed a system of 
classifying smears for estrogenic activity, based on a comparison of the 
smear pattern of intact cyclic ewes and that of spayed ewes treated 
with physiological doses of estrogen alone or in combination with pro- 
gesterone. The system, summarized in Table II, involves the daily col- 



lection of smears for 4 days commencing on the day of estrus, followed 
by staining and systematic classification for each of 4 cell tj^pes, namely, 
leucocytes, nucleated epithelial, squamous, and comified cells. For eacli 
cell type there are two classifications: (a) none to veiy’ few, and (b) 
few to many. These arc graded — and -fi, respectively. All smears 
arc examined for leucocytes first, and all graded 4* nre discarded. The 
remainder arc then classed for the other 3 cell types; any graded for 
coniificd cells (regardless of other cell t)’pcs) are classed positive for 
estrogenic activity. 

For the purposes of formal statistical analysis, smears arc classed 
simply as -f- or — . The distribution of the grades of smear shown in 
Fig. 0, examples of which are reproduced in Fig. 7, is of interest none- 






Fig. 6. Cyclic changes in the proportion of vaginal smears classed as positive 
for estrogenic activity. Grades of comification are described and illustrated in 
Table 11 and Fig. 7. Group treatments and reference are as in Fig. 4. n = 10. 


4. Practical Uses 

Tlic smsar pattern lias been used to reveal ovarian activity in stn- 
estrus. Changes characteristic of normal cycles have been observed and 
are almost certainly indicative of “silent” heats (110). 

Opinions differ concerning the reliability of the smear for the de- 
termination of the stage of the cycle (21, 44, 88, 104, 112). Individual 
smears are of Jittle value but a succession reveals a fairly clear-cut pat- 
tern (110, 123). Practical application is confined to the determination, 
with teasing, of the stage of eslms for artificial insemination (75). 
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V. Endocrine Control of the Cycle 
A. Cyclic Changes in Hormone Production 
1. Anterior Pituitary Hormones 

It is generally assumed that tlie initiation and subsequent control 
of estrous cycles at puberty and at the beginning of each breeding season 



Fig. 7. Vaginal smears showing \’anous degrees of comificnlion (sec Table II). 
Those sho>\Ti above and at bottom left would be classed as “positive”; that shown 
at bottom right as “negative”. Magnification: x 280. 

Top left: Fully cornified smear (grade 1). Top rigl)t: Almost fully comified 
smear (grade 2). Smear consists almost entirely of comified and large squamous 
cells. Bottom left: Largely comified smear (grade 3). Smear consists of comified, 
sqvtamous, and nucleated epithelial cells. Leucocytes are ^’iItually absent. Bottom 
right: Slightly comified smear (grade 4). Smear consists of cornified, squamous, 
and nucleated epilhehal cells, plus large numbers of lcucoc>’tcs. From Robinson 
and Moore (125). 

is effected by quantitative or qualitative changes in the gonadotropin 
complc.v elaborated by the hy^pophysis. Pliotic and other neurogenic 
stimuli are involved. 

Such seasonal ffuctuatious in pituitary activity — if any — arc not re- 
flected in the gonadotropin content of the gland. Indeed, Wanvick 
(145) and Kammladc ct al (67) found the hypophysis of ancslrus to 
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..idotiopin content at least as high as in the breeding 
not rule out the possibility of qualitative changes in 
the gonadotropin complcv, nor docs it necessarily indicate 
being produced and released into the blood stream, 
t. i.lence for cyclic changes in pituitar)’ gonadotropin content 
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^\lthln the cycle is more satisfactory Kammlade et al (67) observed 
a stead) increase in the average potency of the sheep’s pituitary from a 
low point at estrus to a maximum in late diestrus and proestrus This 
was correlated mth the size of tlie follicles (Figs 8 and 9) Cellular 
changes in the pituitary are not well marked and are limited to the 
degree of granulation which reaches a maximum early in diestrus Ap- 
plicahon of the acidophil basophil classification of cell types is not 
practicable (144) 



Fig 9 Average diameter of ovarian follicles diinng the anestrous period and 
the estrous cycle The close parallel with pituitary gonadotropin levels (Fig 8) is 
apparent From Kammlade et al (67) 

There is evidence also of cyclic changes in the blood lev el of thyro- 
tropic hormone (41), which is reported to be significantly higher at 
estrus than in diestrus Tliyroid activitv obviously is an important 
factor in c)clic phenomena, but it is not clear how fundamental this 
IS in the estrous cycle 

2 Gonadal Honiioncs 

Evidence of cyclic chinges in the production of ovarian liormones 
IS conflicting Bassett ct al (8, 9) were unable to detect any difftrencc 
between the amount of estrogen excreted duly in estrus and dicslnis 
(11-2 1 |ig estrone equivalent) None could be detected m ancslrus 
This led llicm to suggest that the production of ovarian estrogen is 
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1.1 c breeding season and that estrus is due to a fall 
^iitulating progesterone. 

!ue concerning the quantitative levels of progesterone is 
pending on the method of assay, of which there are two. 
, -say method of Hooker and Forbes (6-4) yields results for 
. i-lood from 4- to 20-fold higher than the chemical method of 
~ar 1,35). On the assumption that both techniques arc valid, the pre- 
s .mption IS that the former measures total progestational activity in the 
i)lood. whereas the latter measures progesterone itself. 



O A 8 11 14 O 4 8 12 14 O 4 8 12 14 O 


Titnt (dayt) 

Fig. 10. Peripheral blood levels of progesterone as determined by the biological 
assay method of Hoober and Forbes (61) during the estrous cycle of the e«e. The 
cyclic changes parallel the development and recession of the corpus luteum. From 
Neher and Zarrow (96). 


Neher and Zarrow (95, 96), using the bio-assay technique, found 
peripheral blood concentrations of cyclic ewes to increase from 0.3 to 
2 pg. at estrus to 6 pg. in the mid-luteal phase (Fig. 10). Edgar (36) 
and Edgar and Ronaldson (37), on the other hand, have been unable 
to delect progesterone in peripheral blood of cv'clic or pregnant ewes 
(sensitmty of test 0.1 pg. per mb). Detectable but highly variable 
amount were present in the ovarian vein draining an active ovary 
from the 3rd or 4th day. This reached a maximum (0.5 to 4.0 pg. per 
ml.) by the <th to 9lh day, remained high until the 16th, and fell 
suddenly on the 17lh (Fig. 11). Ttb finding is particularly interesting, 
as fatty degeneration of the corpus Intenm nomtally eomtnences about 
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the 14th day and appears to proceed rapidly thereafter (107). Failure 
to detect progesterone in tlie peripheral blood led Edgar to suggest 
that it was utilized as rapidly as it was secreted. 

Replacement studies in spayed ewes have presented strong evidence 
of cyclic estrogen-progesterone production by tlie ovary and of physio- 
logical time-dose relationships. Alternate progesterone and estrogen in- 
fluence is necessar)' for the maintenance of regular cyclic phenomena. 
Tire former must operate for a period of 12 to 14 days in relatively large 
quantities equivalent to daily injections in oil of 6 to 10 mg. and the lat- 


No of obtervatioot 



I'lG. 11. Ovarian venous blood lc\*cls of progesterone as delcmilncd by tbc 
ebemteal mctbotl of Edgar (35) during ibc cslrous ejele of ibo c\%c. No progesterone 
can bo detected in pcripbcral blood by this inctliod at any ^tago of tbc cjcle. From 
1^1 gar and Ronaldson (37). 

ter for a short period of a day or so and in minute quantities equivalent 
to daily injections in oil of 20 to 25 |ig. estradiol benzoate (IIS, 121, 120). 

U. Control of Ovulation 

It Is generally accopletl that os'ulation is inductxl by the release of 
1*11, but the mt*chanism of this rcle.ise is obsctire and s-aries from one 
type of anlm.al to another. In spontaneously omlaling polycstroits ani- 
rn-als It stxuns that omlatioii and the emiiing cjdic phenomena are con- 
trol1e<l by nn o\'nri.nn-h\i>opb>'sea! Interaction. Pituitary FSII. svitb a 
relatUrly small numiint of IJl. Induces follicle po\\l!i and inattiratlon 
itcnrnqvinlfxl by <‘strogcn proiluctlon; circulating estrogen supprmsrt 
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, ■ 1 > T u T vr inrliircs oviilation and corpus luteum forma- 

FSH and LH production and the cycle can only be repcateu 

complex and whether or not two discrete hornaoncs are 
duced A major problem is the manner by which gonadal mfluen 
the hypWis I exercised, and about which there is cons.derabk 
controversy There appear to be but two 

(a) the circulating gonadal hormones influence the pituitary y 

(humoral control, as is that of the gonads by the hypophysis), or (b) the 
control is mediated via a neural center, located presumably m the h^o- 
thalamus (neurohumoral control). Neural control of ovulation or inciee 
of any phase of the normal cycle may be of secondary importance. 
Nevertheless, uterine proprioceptors can exert a profound influence on 
pituitary function of the ewe. It has been shown that the ovarian 
follicular-luteal phase relationship can be severely upset by premature 
distention of the uterus; this appears to be a neural effect (91, 94). 
Furthermore, prolactin production in pregnancy is probably under neural 
control exercised via uterine proprioceptors. On the other hand, per- 
sistence of the corpus luteum — attributable to the influence of prolactin 
(92) has been reported in cyclic ewes in which the uterus has been 


completely excised (150), 

There is no direct evidence of the manner by which ovulation is 
controlled in the ewe, but a working hypothesis can be developed frorn 
the following experimental evidence. Ovulation may readily be induce 
in anestrus by the injection of gonadotropins, such as PMS, whic 
are predominantly follicle-stimulating in action (18, 19, 40, 76, 11^» 
136). The efficiency of this reaction is improved if anterior pituitary 
(AP) gonadotropin, with a more balanced FSH-LH ratio, is used 
(10,58,93). 

Luleinization generally follows such induced ovulation in a norma 
manner and, as overt estrus usually accompanies ovulation induced one 
cycle later, the corpus luteum appears functional. However, such treat- 
ment is not normally follo>vcd by a succession of cycles unless addi- 
tional injections of gonadotropin are spaced one cycle apart (115)* 
On the other hand, manipulation of the photic environment will induce 
a succession of cycles after a delay of some weeks (154, 155). The 
pituitar)’ in anestrus has a gonadotropin content— of unkno%v’n qualita- 
tive nature — at least as high as in the breeding season (67, 145)- 
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Whereas the injection of 1000 I.U. PMS in the follicular phase of a 
normal cycle will reliably induce multiple ovulation (up to 20 ova 
shed) it will rarely do so in anestnis (18, 113). Anterior pituitary 
gonadotropins are more reliable (58). Ovarian response to injected 
gonadotropin reaches a minimum in mid-anestrus, and some breeds with 
a deep anestrus may be quite refractory (113). Ovulation in a propor- 
tion of cases may follow either a single injection of estrogen in anestrus 
(57, 58) or cessation of a series of injections of progesterone (30, 31, 
117). 

Ovulation in a normal cycle is inhibited by daily injections of proges- 
terone, and usually occurs some 2 or 3 days after cessation (33, 65, 98, 
122 ). 

The existence of an anestrous period, the ability to induce an ovula- 
tion by gonadotropin injection in anestrus, the inability of such a 
single injection to initiate a series of cycles, and the fact tliat a series 
of cycles can only be induced, after a conditioning period, by manipula- 
tion of the photic environment, all point to a pituitary inadequacy as 
being the cause of tlie anovulatory state of anestrus. This is at variance 
with the demonstration of a high gonadotropin content in anestrus. 
There are two possible explanations: (a) the nature of the gonadotropin 
complex in anestrus is abnormal, or (b) the mechanism which controls 
the release of either FSH or LH is not developed. Evidence of a high 
pituitary content of total gonadotropin and of the presence of follicles 
in the anestrous ovary suggests that release of LH may be the key to 
the problem. 

Only the latter concept fits all the known facts, and suggests the 
following hypothesis. Control of the release of pituitary gonadotropin 
is effected by a center located, presumably, in the hypothalamus. Activa- 
tion — and possibly deactivation — of this center is under the control of 
exteroceptive stimuli. Deactivation may be due in part to the develop- 
ment of a refractory condition to circulating gonadal hormones. In the 
almost fully reactive state, this center initiates a series of cycles by stimu- 
lating the release of gonadotropin, and is itself sensitive to the fluctuating 
levels of gonadal and possibly hypophyseal hormones. It thus acts 
as a center which regulates pituitar)' activity and hence the phenomena 
associated with the cycle. Toward llic end of the breeding season tin's 
center becomes less efficient as the result either of its deactivation 
caused by exteroceptive stimuli, or to an increasing refractoriness to 
circulating levels of hormones, until finally it ceases to operate alto- 
gether, ovulations ccasc, and the ewe enters anestrus. 

IIjc relatively poorly developed center could exhibit some activilv 
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in anestrus. For example, some stimulus, external or internal, could 
trigger the center to induce the release of gonadotropin (e.g., LH), 
with a consequent ovulation and “silent” estrus. A succession of cycles 
would not generally follow because the center is not sufficiently de- 
veloped to react to the circulating levels of gonadal hormones. Injections 
of such hormones in large doses, however, may stimulate the rudimentary 
center to activity in some cases, again with a consequent “silent estrus. 

This hypothesis explains also the difficulty experienced in inducing 
multiple ovulations in anestrus. It is believed that tire pituitary plays a 
significant role in such induced ovulations (58), and relative inefficiency 
of the LH release mechanism would account for the lack of multiple 
ovulations. 

According to this hypothesis, control of ovulation in the ewe is by 
a neurohumoral mechanism operating through a hypothalamic center, 
the efficiency of operation of which fluctuates under the influence of 
photic and possibly other exteroceptive stimuli. 


C. Control of Estrus 

Early attempts by Hammond, Jr. ct ah (58) to test the hypothesis 
that progesterone produced by a waning corpus luteum plays a role m 
estrous behavior were unsuccessful. The injection of 2 to 5 mg. proges- 
terone up to 2 days before and 1 day after gonadotropin treatment 
failed to elicit an estrous response, although several ewes showed be- 
havior characteristic of proeslrus. In 1945, Cole et al (18) reported 
heat in 39 of 48 anestrous ewes treated with 40 to 100 mg. testosterone 
propionate 1 to 3 days prior to PMS. Conception rates were low. These 
results were confirmed by Robinson (113), who found, on autopsy, that 
the androgen had inhibited or delayed ovulation. In some cases an- 
ovulatory estrus had occurred and follicles were grossly cystic and pre- 
maturely luteinized (Fig. 12). 

Tire abnormal nature of the ovarian picture obtained with testos- 
terone plus PMS seriously limited the value of these experimental re- 
sults for the interpretation of normal endocrine interactions in overt 
estrus. The effect of the testosterone could have been to either (a) delay 
or inhibit osailalion, but not follicular growth, for a period long enough 
to permit a build up of sufficient estrogen to exceed the threshold 
ncctlcd to induce heat, or (b) condition a neural center to respond 
to follicular estrogen. 

In 1952 there appeared three independent reports of the successful 
use of progesterone prior to PMS for the induction of o^ailation accom- 
panied by estrus in anestrous ewes (26, 30, 116). Tliese reports were 
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later confirmed and extended (23, 31, 117, 119, 121). Subsequent work 
with both spayed and entire ewes has considerably clarified our under- 
standing of the endocrine control of estrus. 

Early reports on the use of estrogen to induce heat in spayed or 
anestrous ewes had shown wide discrepancies in tire effective doses 
(19, 40, 84, 106). Nevertheless it was still generally accepted that this 
was the only hormone involved. The necessity for progesterone prior to 
estrogen for the regular induction of normal cyclic estrous behavior in 
spayed ewes was first shown in 1954 (US). Twelve ewes, of which 6 
were hysterectomized, were injected with estradiol benzoate (EDB), 
first at weekly and later at 2-week intervals, at dose levels of either 



Frc. 12 Ovarian slices from anestrous ewes pretreated witli 35 mg. testosterone 
fnitit \o tVie iTi]ec\icm oi ftW seruTn X'novoXst' 

tory estnis associated with grossly cystic follicles is a characteristic of this treatment. 
From Robinson (113). 

5 or 2 mg. Figure 13 shows the pattern of behavior. Eleven of the 19 - 
ewes were served after the first injection. The number of ewes served 
declined with successive treatments until a completely refractory condi- 
tion developed. 

The injection of 75 mg. progesterone, spread over a period of 3 day5 
and commencing 4 days before the injection of EDB, completely re- 
mov'ed this refractory condition. The ewes were then divided into two 
groups each of 6 ewes of which 3 were hysterectomized. Injections of 
EDI3 at fortnightly interv’als were repeated 3 times at each of 5 dose 
levels ranging from 5 mg. down to 8 |ig. Ewes of one group recciv'cd 
EDB only, whereas the others vv’ere “primed*’ witli progesterone before 
each injection. The ability of any ewe to cvpericncc a succession of 
heat periods in response to these injections of EDB was entirely de- 
pendent on her receipt of progesterone prior to each injection of estro- 
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gen, tlie critical dose level of which was about 20 ng. Presence or ab- 
sence of the uterus had no demonstrable effect. 

Furtlier quantitative work (88, 89, 120, 126), using a flock of 72 
spayed standardized crossbred ewes, has yielded results and conclusions 
which may be summarized as follows. 

The spayed crossbred ewe, when primed with progesterone, is ex- 
tremely sensitive to estrogen; this sensitivity increases linearly with in- 
crease in the log duration of progesterone influence. The unprimed ewe 



Fic, 14. Dose-response lines of EDB for estrous behavior and for vaginal smear, 
determined in spayed ewes, when injected alone or preceded by 75 mg. progesterone 
(6 injections each of 12.5 mg. twice daily, commencing 5 da^-s before EDB). 

F = EDB alone; + P =: EDB preceded by progesterone. From Robinson (120). 

is much less sensitiv'e (Table HI, Figs. 14, 15, and 16). Furthermore, the 
reliability of response to estrogen, as indicated by the induction of suc- 
cessive heals (Fig. 13) and by the slope of the dose-response line, is 
significantly increased by progesterone pretreatment (Fig. 14), and the 
time of onset of estrus is significantly advanced (Fig. 17). 

Tlicsc effects of progesterone arc not due to an “estrogen .sparing" 
effect. Tl\c reaction pattern is altered. For example, when estrogen is 
injected alone there is no cWdcnce of a dosc-rasponse effect on the time 
of onset of heat. Progesterone prelrcalmcnt results not only in an earlier 



316 


T. J. BOBDfSOS 


TABLE III 

E^T1MATES OF ED 50 . EDg^, AK0 OF ESTOADIOL BE-VZOATE (EDB) FOR EsTBUS 

SVsiEK INJFCTED FOLLOWING VARIOUS PeTOODS OF pRETOEATAfENT EFFECTJV] 

Doses of Pbocesteroxe ( 126 ) 


Duration of 


Estimates of EDB (pg.) 'v 

ith 959t> fiducial limits 


progesterone 




EDg^ 



EDgg 


(days) 

Lower 

Mean Upper 

Loner 

Mean 

Upper 

Lower 

Mean 

Upper 

3 

17.0 

18.7 20.5 

24.5 

27.0 

30.7 

28 6 

32.1 

38.1 

6 

14.8 

15.7 16.6 

20.9 

22.6 

25 

24.3 

26.9 

31.5 

12 

11.9 

I3.I 14.5 

17.0 

J8.9 

22.0 

19.8 

22.5 

272 


onset of estrus, but also in a significant relationship between the dosi 
level of EDB and the time of such onset (Fig. 18). 

When progesterone pretreatment is spread over 12 daj'S — the ap 
proximate duration of influence in a normal cycle — there is verj' litth 
discrepancy between the quantities of estrogen required to produce boti 
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Estimates of ED^o, and EDqo of Estiudiol Bcnzoate <EDB) ron \ acinal 

- Esm ous Chances ( 120) - 

Eslimalcs of ED B (hc-) with S5 and 0^7° 

Fiduaal limits ED.» m EPna ^ 

^^00 ^ 

- Lower Mean Upper Lower Mean Upp^^ L ower Mean — pp — ^ 

n- l'’-7 18.6 „ ^ 32.7 

8® 8.4 12,1 10 8 21.9 20.8 

89 7.3 lis IM 24 0 20.1 221- 

the psychic and the vaginal changes characteristic of estrus ® 

and IV, Fig 1=11 Tn,„ ° e rr , irnR svith their associaceu 

Q!;c/ cj estimates of ED50, EUd. „ re- 

Snfo fiducial limits are 11.9-73.7-14.5 pg. and 8.4-70.7-1 . iS 
spectively. ^ treme 

1- daily dose of progesterone lies 12 mg. 

l-nnts of 3 and 24 mg. per day, with the optimum betsveen 6 and 
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Xa- DURA „suo„5 belmlor, 

Fic. 18. Graphs oi 71,0 narrow bands indicate the rcliabihty of the esU- 

With their BS% Dduclal ban response to estrogen of the spa)cd crossbred 

«te mTy breUtaale™ folloning progesterone pretreatment. From Hohinson ct ol 

( 120 ). 
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(126). The maximum expression of the progesterone-estrogen inter- 
action is dependent on highly critical time-dose relationships. Simul- 
taneous injection of the two hormones in physiological doses (12 mg. 
per day and 16 to 25 pg. per day, respectively) gives no estrous response- 
Maximal responses are obtained when EDB follows 24 to 48 hours after 
the final injection of progesterone, after which there is a significant re- 
gression of response on time (Table V, Fig. 19). 


1. progesterone estrogen. 

40-j 



2. ESTROGEN ONLY 



r.c. 17. r. to service— hours 

iajctlrj aW or toUM-iuz spa>'cd ewes when EDB i 
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Related studies on intact anestrous ewes treated rvith various time- 
dose relationships of progesterone, estrogen, and gonadotropin give a 
good indication of the quantity of estrogen produced hy a developing 
follicle. If such ewes are pretreated rvitli progesterone for 3, 6, or 12 
days prior to the injection of 1000 I.U. PMS, approximately 50, 90, 
and 99%, respectively, of those which ovulate may be expected to accept 
the ram. Reference to Table 111 and Figs. 15 and 16 clearly indicates 



Fig. 18. Begression of T (tunc m hour to onset of eshrus) on P (percentage 
of ewes ser\ed as a result of treatment) of spayed ewes injected with EDB after 
pretreatment with progesterone Tlie slope of tlie regression is significant (P < 0 03), 
indicating earlier onset of estrus willi increasing proportions of ewes served, and 
hence of increasing dose levels of EDB No such relationship can be demonstrated 
when EDB is injected without pnor progesterone treatment Tlie area of each • is 
proportion'll to the number of observations From Robinson (120). 

that this corresponds to a production by tlie developing follicle of a 
qxianlUv of estrogen approvdmatcly cqtiivalcnt in physiological acUvnly 
to a single injection in oil of 20 to 25 pg. EDB (121, 126). Such a 
quantih* of estrogen is inadequate to induce heat in any but a verj' 
small proportion of ewes Avhicit have not previously been sensitized by 
progesterone. 

Tlicrc is some evidence Uiat the amount of estrogen produced hv 
the maturing follicle is dependent on the amount and nature of the 
circulating gonadotropin. Emmciis ct al, (6S) have thrown considerable 



irAVionAL nrsroNSES 



Duration of pmpcslcronu trAMlmont. 


THE ESTROUS CYCLE OF THE EYVE AND DOE 


321 


doubt on the generally accepted diflFerences between pregnancy gonado- 
tropins of equine (PMS) and human (HCG) origin, as tested by uterine 
weight responses in rodents. IVben tested in the normal cyclic ewe in 
which ovulation is inhibited by progesterone injections (see below), 
and subsequently stimulated by simultaneous release of progesterone 
inhibition and the injection of 100 or 600 I.U. gonadotropin, the action 
of HCG (Parke Davis) is indistinguishable from that of PMS (127). 



Fic. 19. Percentage of spayed ewes exliibiting estrous behavior (P) plotted 
against intcr\'al (T) between final injection of progesterone and injection of 5)DB. 
Maximum responses are showm when EDD follows 24 to 48 hours after progesterone. 
Tliercafter, simple linear regression of P on T is shown over llie range -f 48 to -f. 144 
hours. From Moore and Robinson (90). 

On tlie otlicr hand, when tested in ancstrous ewes, some interesting 
differences between tlie action of tiic Uvo gonadotropins become ap- 
parent (Table VI). Of 72 ewes which received 250, 500 or 1000 I.U. 
PMS or HCG after 12 daily injections of progesterone, GO oxnlatcd and 
4*2 were scrx'cd — ^29 of 33 which o\*ulatcd after PMS, as compared wiUi 
13 of 33 whicli did so after HCG (P < 0.01), Furthennorc, there ap- 
peared to bo a dose/cstrous-response effect with PMS. Tliis was par- 
ticularly apparent in the cxvcs primed at 4 daily intcr\'ah and appeared 
unrelated to the numl>or of ONadalions (124). 

Tlivfc arc two possible explanations, namely, (a) the time relatiotj- 
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ships of follicle development, estrogen production, and ovulation relative 
to the progesterone status of the animal arc influenced by the amount 
and nature of the gonadotropin used, or (b) the amount of estrogen 
produced is affected. The animals were killed 4 to 6 days after gonado- 
tropin injection and there was nothing in the appearance of the ovaries 
and the corpora lutea to support the former possibility. The second 
possibility seems the more likely, therefore, and it appears that a dose 
of 1000 I.U. PMS in the anestrous ewe induces the production of a 
quantity of estrogen roughly equivalent to a single injection of about 
20-25 pg. estradiol benzoate. Such a dose would be expected to yield 
estrus in all ewes primed daily for 12 days with progesterone, and in 
about 50% of ewes given 3 priming Injections spaced 4 days apart ( 124). 
Smaller doses, while capable of inducing ovulation, apparently produce 
marginal quantities of estrogen. Chorionic gonadotropin, while equally 
effective in inducing ovulation, appears much less efficient in stimulating 
the production of ovarian estrogen. 


TABLE VI 

Effect of Equine Gonadotropin (PMS) and Chorionic Gonadotropin (HCG) 
ON Ovulation and Estrus in the Progesterone-Primed 

Anestrous Ewe (124)® 

Gonadotropin and dose 

PMS (lU) HCC(IU) Total 

Progesterone Ewes 250 500 1000 250 500 1000 ewes 

Daily Ovulated 11 lO 12 12 11 10 66 

Served 8 9 12 6 5 2 42 

Every 4 days Ovulated 12 12 12 11 10 9 66 

Served 0 0 6 0 0 0 ^ 

“ Progesterone (intramuscular) in oil at dose level of 8.4 mR./day, injected daily 
for 12 days or as 3 injections 4 days apart. PMS or HCG (subcutaneous) in distilled 
water injected on the 13tli day. n = 12. 


It IS possible, therefore, to explain fully the phenomenon of “silent" 
heat. Frmctional failure of a number of cyclic processes would result 
in ovulation without estrus. Absence of a corpus luteum from a previous 
“ 1’™'“'*'" deficiency, or premature atrophy 

Alleli- 1 ‘'"= P'oge^ttrone-conditioning mechanism. 

Altemauvely, ovulation induced by a marginal amount of gonado- 
early or late in the breeding season- 
Wno ’‘“’’"'“'Sini'l production of estrogen. Each 

season' ' F'e^ably important at different stages of tlm breeding 
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The mechanism of the progesterone-conditioning effect is obscure 
The uterus does not appear to be involved, so it is likely that the role 
of progesterone is to mcrease the sensitivity to estrogen of a center pre- 
sumably located m the central nervous system This appears to be a 
gradual process m which the duration of stimulation rather dian the 
absolute amount of progesterone — ^withm rather ivide limits — is the im- 
portant factor From the work of Santolucito et fil (129) it appears that 
this center may be located in the hypothalamus Electrolytic lesions m 
tlie ventral hypothalamus, with a common area just above the median 
eminence, abolished heat in cychc ewes witliout causing any apparent 
change in the cyclic release of pituitary gonadotropm 

D Control of Changes vi the Reproductive Tract 

Cyclic changes in the reproducbve tract are under the dual control 
of estrogen and progesterone Injection of estrogen in spayed or anes- 
trous ewes, followed by progesterone, induces the characteristic histo- 
logical changes first of estrus, tlien of met- and diestrus The height of 
tlie cervical epithelium is increased by estrogen and this is maintained 
by progesterone (11) 

Tlie interaction of estrogen and progesterone on the vaginal smear 
has been studied recently (89, 90, 125) It appears that desquamation 
and comification of the vaginal epithelium is under estrogenic control 
The normal pattern of leucocyte invasion and subsequent disappearance 
appears dependent on an estrogen progesterone interaction, since more 
or less complete disappearance of leucocytes on the day of estrus occurs 
onl) when the ewe has been under the influence of progesterone pnor 
to estrogen (Fig 5) Progesterone is involved also m tlie normal thicken- 
ing of tile mucus m metestrus (Fig 4) and, with estrogen, in the pro- 
duction of mucus showing the phenomenon of “crystallization,* charac- 
teristic of estrus (79) 

Tlie maintenance of a constant state of vaginal sensitivity to recur- 
ring injections of estrogen is dependent on alternate progesterone- 
estrogen influence A senes of sl\ trials was conducted, each using 
72 spaved ewes, in which EDB (8, 12, 18 jig ) was injected at intcrvails 
of IG dajs Half the ewes received progesterone at tlie rate of 10 mg 
per da\ for 12 davs between each injection The vaginal response to 
CDB of thase ewes did not vaiy significintlv from trial to trial, while 
that of the remainder showed a lugUt} significant decline from a liv*pcr- 
to hvposcnsitiv c slate, clc irlv suggesting the dev olopmcnt of a rcfrictorv* 
condition (Fig 20) 

It appears, therefore, tint in addition to its role in maintaining a 
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constant and highly sensitive state of psychic reactivity to physiological 
amounts of estrogen, progesterone is involved also in the maintenance 
of a uniform vaginal sensitivity. 



Trial number 

Fic. 20. Distribution of smears of various grades of comification {Table iD io 
succesnve mats, -wIito EDB Is injected into spayed ewes at 16-day intervals, wili 
m ™thonl progesterone prelreatmenl. Enclosed numerals refer to percentage of each 
>‘'»i”tenance of a nniform vaginal sensW'-ity 

VI. AnTinciAi, Control of the Cycle 
A. Economic Significance 

nrohl™ presents an economic 
f has evaded inten- 

si\ e investigation for 23 years. 
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The number of ovulations at each estrus constitutes an important 
limiting factor to fertility. This may be effectively removed by the 
injection of gonadotropin in late diestnis. Field trials have resulted in 
significant increases in the number of lambs bom. 

Artificial insemination of the ewe is not widely practiced in western 
countries because of the high labor costs involved in the handling opera- 
tions, the unreliability of predicb'on of the number of ewes in heat each 
day, and the general experience of unsatisfactory conception rates fol- 
lowing dilution and storage of ram semen. Consequently, attention has 
been tinned toward tlie synchronization of estrus and ovulation by 
controlling the length of diestrus by tlie use of progesterone. 

The literature to 1951 has been reviewed (115). A number of sig- 
nificant advances have been made since tlien; a summary of the present 
situation follows. 

B. Control in Anesiriis 

Ovulation in anestrus may be induced readily by the injection of 
800 to 1000 I.U. PMS. One or 2, and rarely 3, ova are shed. If preceded 
by 6 to 10 mg, progesterone daily for 6 to 12 days, such gonadotropin- 
induced ovulations are generally accompanied by estrus (^, 26, 30, 31, 
43, 72, 73, 116, 117, 121). Injection of 20 mg. progesterone every other 
day is ako effective. 

Equine gonadotropin should be injected 24 to 48 hours after the 
final injection of progesterone. Heat may occur within 24 hours (75) 
but ovulation does not occur until about 48 hours after the injection 
of PMS (124). The degree of fertility appears to be related to the stage 
of anestrus, and the relative fertility of the ram is almost certainly in- 
volved. Treatment in mid-anestrus commonly results in a conception 
rate of less than 50% (119, 121), whereas normal fertility has been 
reported following treatment just prior to tlie start of the normal breed- 
ing season (72, 73). 

Treatment in mid-anestrus usually results in only a single cycle, 
whereas in late anestrus a series running into tlie normal breeding 
season ensues. Tlierefore, except in special cases, e.g., for stud use, the 
practical use of progesterone plus PMS is limited at present to tlie ad- 
vancement of the breeding season by commencing treatment 6 w'ceks 
or so before the normal onset of breeding activity (72). 

C. Control in the Breeding Season 
1, Kttmhcr of Ovulations 

Work initiated in the U.S.S.R. showed tliat the number of ovTiIations 
could be incre.ised by the injection of PMS or AP in tlie early follicular 
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phase o£ the cycle (77, 78. 157. 158. 159, 160, 161). This finding has 
been amply confirmed (15, 24. 58, 74, 93. 114). A single injection of 
PMS on the 11th to 13th day of the cycle is e0ective (135, 137, 140, 141, 
142), and a dose-response relationship has been established (Table VII)* 


TABLE VIl 

Ovulations and Attachments of Fertilized Ova in Relation to the Dose 
OF PMS Injected in the Follicular Phase or the Cycle ( 114) 

Treatment 

(lU) 

No. of 

ewes 

Ovulations 

Attachments 

500 

15 

3.9 frange 2-7) 

3.1 (range 6-7) 

1000 

20 

10.3 (range 4—29) 

3.75 (range 0-10) 

2000 

5 

18.8 (range 8-33) 

4.4 (range 0-13) 

All treatments 

40 

9.0 

3.6 


The wide range in the number of ovulations, apparent from Table 
VII, does not necessarily constitute a serious objection to the practical 
use of this technique. Within the limits of 2 to 9 ovulations, as ob- 
served following the injection of 500 I.U. PMS, ova are highly fertile* 
Subsequent embryonic mortality, usually within the first 21 days, re- 
duces the number surviving to the maximum number characteristic of 
the breed (Fig. 21). Judicious use of PMS, therefore, enables ewes 
to express their maximum potential fertility (114). 

Field use of this technique involves the use of teaser rams. Every 
3rd day teased ewes are drafted. Eleven days later each is injected Nvith 
500 to 750 I.U. PMS and joined to fertile rams. Such treatment has been 
reported to raise lambing percentages by about 30% (42, 99, 140, 142). 


2. Time of Ovulation 

Daily injection of 10 rag. progesterone effectively inhibits ovulation 
in c>-clic ewes (33, 65, 98, 122); if such treatment is continued for 16 
days, estrus and ovulation can be fairly effectively brought into line in 
all ewes treated. From 50 to 10% of e%ves can be expected in estrus 
3 da)s after cessation of injections. The precision of time of onset of 
ovulation can be considerably increased by the injection 
( 1 ( 7 ^ I.U. PMS the day following the final progesterone treatment 

AUempts to reduce the number of injections of progesterone have 
noMjeen satufaclory. Practical application demands uniform time of 
u.tlidrawal of progesterone inn.ienec, and this can only be obtained 
^ T'T “hsotbctl injections are given. 

Ilcnre, uhilc l.irgc doses in oil or moderate doses in suspensions or 
inUtons given at intervals of up to 4 days effectively suppress oviib- 
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tion, the time of release of the inhibition is not predictable (124). Eight 
injections each of 20 or 33.4 mg. progesterone in oil every other day ef- 
fectively suppress estriis, but time relationships for estrus and ovulation 
following cessation of such treatment differ slightly from those following 
daily treatment, and conception rates to artificial insemination are sig- 
nificantly reduced (123). 



DAYS PREGNANT 

Fig. 21. Survival of embryos in the multiple-ovulated ewe relative to the number 
of ova shed. This refers only to those ewes which conceive. Total failure is common 
when the number of ovulation exceeds 15. A dose of 500 I.U. equine gonadotropin 
(PMS) can be expected to yield between 2 and 9 ovulations. Early embryonic 
mortality usually reduces die number surviving to between 1 and 4. From Bobin- 
son (114). 

When PMS is injected the day following cessation of 16 daily injec- 
tions of progesterone, ewes may be teased within 24 hours. If they are 
artificially inseminated immediately, poor conception rates may be ex- 
pected (75), as ovulation does not usually occur within 48 hours or 
so of this injection (124). 

Potential fertility following such controlled ovulation generally ap- 
pears unimpaired and results have been satisfactory using relatively 
small numbers and either natural service or artificial insemination (33, 
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98, 122). Application of the technique to large-scale, controlled artificial 
insemination has been disappoinUng, with conception rates as low as 
SOfo (123). This is probably due largely to factors operating outside 
the ewe, although critical timing relationships between injections and 
ovulations may be important when large numbers arc treated daily. 
The margin between success and failure in artificial insemination of the 
ewe is extremely narrow and the additive effects of many factors, such 
as the necessity to use whatever semen is available on the day, regard- 
less of its quality, Uie need for speed and consequent lack of attention 
to fine detail, and fatigue of the operator, must each contribute seem- 
ingly disproportionate amounts to the failure rate. 


D. Conclusions 

Our understanding of the factors which control the estrous cycle of 
the ewe has increased greatly in the last decade. The practical applica- 
tion of this knowledge has been a little disappointing, but the barrier 
behveen principle and practice is not insurmountable. The key to the 
control of breeding phenomena is the use of progesterone. The de- 
velopment of slowly, uniformly absorbing preparations, coupled perhaps 
with the replacement of PMS by a cheaper gonadotropin, will enable the 
phenomena of estrus and ovulation to be brought under complete and 
economical controL This achievement will be full justification for the 
enormous efiort which has followed the original induction of ovulation 
in the anestrous ewe by Cole and Miller (20) some 25 years ago. 


Part II: The Doe 
VIL Introduction* 

characteristics oE the cycle of the doe appear essentially similar 
to those of the ewe. She is a seasonally polyestrous animal that reaches 
her peak of reproductive activity in the autumn (4, 5). The characteris- 
tic number of araual cycles exhibited by the various types and breeds 
appe^s to be related, as in the ewe, to the severity of the environment 
periodifco*wol7l"M).“''^" acUvily is under photo- 

problem posed by the restricted breeding 
have been relatively Uttle studied. The 
most comprehenswe account available is that of Phillips et a\. (102). 

VIII. ClIARACTERISncS OF THE CyCXE 

aummto7Se‘same7S”f7of 
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The length of tlie cycle is generally given as 21 days, but it is highly 
variable Figures based on accurate measurements are 19 4 ± 05 days, 
with a range of 12 to 24 (103) and 17 8 it 036 days, with a range of 
6 to 24 (103). Estimates of mean cycle length are biased by tlie high 
proportion of eirtremely short cycles Thus Phillips et al (103) observed 
a very strong mode at 20 days, 72% of their observations fell behveen 
15 to 24 days Hence the normal length of tlie cycle may be regarded as 
20 days 

Tlie durahon of estrus (40 hours) is rather longer than in the ewe 
(105) Ovulation is spontaneous and occurs some 30 to 36 hours after 
the onset of heat (61) 

The number of ova shed is rather greater than in the sheep Tlie 
usual number of young born is 2, 1 or 3 are common, 4 or 5 are rare (5) 

The development of the corpus luteum is sumlar to that m tlie ewe 
It reaches its maximum size, and presumably physiological activity, in 
mid cycle and degenerative changes appear after the 15th day (6) 

The cychc changes m the uterine mucosa and vagma have been 
described by Hamilton and Harrison (52) Changes are generally similar 
to those seen m the sheep The most pronounced changes are seen in the 
vagmal epithelium, while evidence of secretory activity parallels the 
development and degeneration of the corpus luteum 

Although estrus with ovulation has been reported when anestrous 
does are mjected with PMS (1, 103), Dauzier et al (23) report "silent” 
heats, and an estrous ovulation response only when progesterone pre- 
cedes gonadotropm mjection m anestrus It appears almost certain, 
therefore, that a progesterone-estrogen relationship exists for the doe 
as for the ewe, but the temporal and quanbtative relationships may be 
somewhat different 
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I. Introduction 

The classic investigations by the laboratories of Comer and McKen- 
zie in the 1920 s and early 1930 s provide an insight into tlie reproductive 
cycle of the sow. However, except for the inheritance of reproductive 
ability’ furnisbed by the Regional Swine Breeding Project and the ax- 
cellent nutritional and physiological studies by Casida and co-workers at 
the University of Wisconsin, later work has been ratlicr sporadic. In 
general, the more recent techniques have not been applied in the sow 
to a marked extent. Tliis is somewhat surprising, since the sow is unique 
among the larger domestic animals in being polytocous, and since maxi- 
mum rcpro<hictivc performance in this species is of comidexable eco- 
nomic importance. Tlic discussion to follow, then, is an attempt to bring 
logollicr, in an organized fashion, llic a\'nilable infonnation regarding 
the estrous cycle of this particular species. 
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II. Prepuberal Development 

As an introduction to the physiological alterations associated with 
the estrous cycle that are not initiated until the attainment of sexua 
maturity, it is desirable to review several investigations which ave 
provided an insight into the prepuberal development of the repro uc ive 
apparatus. 

Casida (12) studied the ovaries of gilts ranging in age from 1 to 
days. Egg cords were present in the outer peripheral zone of the ovaty 
until the 4th week of age. Thereafter, until the 7th week, when mu ti 
layered follicles began to appear, primary follicles predominated in bo 
the outer and inner zones. The number of layers of granulosa cells in 
creased and, when 14 to 20 were present, antrum formation occurre 
Vesicular follicles were observed in pigs 11 weeks old, but were not 
found consistently or in large numbers until the 15th week. An increase 
in the vascularity of the medullary region of the ovary occurred at the 
time of multilayered follicle formation, and an increase in the blood 
supply to the Aeca interna of individual follicles was asociated with 
antrum formation. Various gonadotropic preparations were ineffective 
before the formation of vesicular follicles, but thereafter gonadotropin 
administration induced follicular development, ovulation, and the de* 
velopment of corpora lutea. In a similar study, Wetli (64) investigated 
the development of prepuberal gilt ovaries and distinguished three 
periods of differentiation: a period of primary follicle formation during 
the first 2 weeks after birth, one of secondary follicular development 
lasting from the 3rd to 7th week, and a third period of tertiary follicle 
development lasting from the 7th week until puberty. In the first period, 
the ovary was embryonic in character. The rete was still large and the 
deeper layers of the cortex contained only primary follicles isolated from 


the ovarian vesicles in the cortical surface. Frequent oogonia formation 
was observed in the v""— — ^ ® ^ 


was Observed in the upper corUcal layers. During the’^second period, 
appeared to form in bursts. The tunica albuginea 


developed along with a general proliferaUon of the connective tissue 


framework The third period was characterized by a rapid increase of 

o\Tlrian 5f7f» nnA J »_ . ' - .,.1... 


warian size and by a cyclic development and involution of the follicles- 
r„d “PP'i'^ed to take place between tlie 8* 

not obscn'cd*^ ° Thereafter, further formation of oogonia was 


to mituritTwo ^'’"“dolropic content of the pituitary from birth 
s^rufoltll <3'»- ■">“<= itvxsUgators as- 

obtained from I'onnone content of tlie anterior pituitaries 

Obtained from gilts and smvs ranging in age from birth to 1330 d.iys. 
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using the growth response of tire testis of immature cockerels receiving 
standard doses of the dehydrated glands. They observed a highly sig- 
nificant positive correlation between the dry weight of the gland and the 
age of tire animal. The total hormone content of tire gland also increased 
with age; however, tire gonadotropic content per unit of body weight 
was very high at birth, declined until puberty, and remained relatively 
constant thereafter. It was suggested that die apparent drop from 
birth to se.Yual maturity was more likely due to a relative sliift in the 
proportion of FSH and LH rather than to an actual reduction in the 
secretory rate of total gonadotropin. On this basis, it was postulated 
that the onset of puberty was due not to a gradual increase in the total 
gonadotropic hormone secretion to a critical level, but rather to a 
shift in the proportion of FSH to LH. In other words, at birth, pituitary 
secretion is predominantly FSH, but, with increasing age, FSH is 
markedly reduced and LH increases somewhat. Puberty occurs, these 
workers concluded, when the proper proportion of FSH and LH is 
attained. 

III. The Attainment of Pubebty 

The gilt usually attains se.rual maturity at about 7 months of age. 
However, as discussed below, there is considerable variation, deter- 
mined, in part, by genetic and nutritional variability and probably by 
the season of the year at which gilts are farrowed. 

Breed differences in the age at sexual maturity are not marked. 
Burger [\V) found no difference between the Large Black and Large 
White breeds in tliis respect. There was, however, a liighly significant 
difference between families. Self et al. (49) observed no difference 
between Chester White and Poland China gilts. Pliillips and Zellor 
(43) reported the average ages of first estrus for small- and large-type 
Poland China gilts as 208 and 199 days, respectively. Tliis difference is 
not statistically significant, unless adjustments to a common body weight 
are made, in which case, age at puberty for the small type was delayed. 

Inbreeding delays sexual maturity by several weeks. Wamick et ok 
(62) found tliat the average age at puberty of inbred lines of tlie Chester 
Bhite and Yorksliire breeds and an inbred line originating from a Ches- 
ter Bfiiilc Yorkshire cross (coeificients of Inbreeding, 0.27 to 0.29) was 
about 8 montlis, in comparison with 7 montlis for outcrossed gilts. 
Squiers ci al. (55) and Foote et al. (27) reported similar findings in 
inbred lines in comparison with line-crossed gilts, and Squiers et al. (55) 
estimated that for each 10^ increase of inbreeding of parent lines, 
sexual maturity was delayed about 13 d,aj-s. 

Most of the delay of sexual maturity' associated with inbreeding has 
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been attributed to the marked variability in thriftiness and genera 
health (62). Burger (11) found, as for other species, that retarding 
the growth rate by lirniting food intake will delay sexual maturitj . n 
a controlled feeding experiment, puberty was delayed an average o 
46 days in a group of gilts fed so as to gain at half the rate of the 
fed controls. Presumably, the ration used was adequate in vitamins . 
C, and D, but was deficient in protein and total energy. It has been re- 
ported that vitamin B 12 deficiency \vill delay puberty (32). Self et a . 
(49) studied the effects of limited and self-feeding on puberty and con 
eluded that the “fatness” of the self-fed gilts delayed the age of puberty 
by about 2 weeks, in comparison with that of gilts fed at only two-thir^ 
the self-fed rate. However, these results are not directly comparable 
with those of Burger (11) in that limited feeding was much less severe 
and growth rate was reduced a relatively small amount 

In addition to these genetic and nutritional effects, the time 01 
farrowng, in relation to the season of the year, may determine the age 
at first estrus. Robertson ef al. (45) reported that gilts bom late in 
the spring farrowing season tend to reach puberty sooner than those 
bom earlier in the year. Wiggins et al (66) reached a similar conclu' 
Sion after examining the reproductive tracts and ovaries of nearly 3000 
market gilts of unkno\vn age and 113 gilts of knoNvn age at the time of 
slaughter. In the former group, the average incidence of prepuberal 
sexual development was lowest in April and highest in October. In the 
gilts of known age, the percentage of immature gilts in the group bom 
early in the spring was significantly higher than in those bom later, even 
though die latter were younger at the time of slaughter. Schmidt and 
BrctschncJder (47) also report a seasonal effect on the age at puberty'- 
On the other hand. Self ct al (49), found no correlation between puberal 
age and time of birtii. Howes'er, the farroxring dates were aU ^thin 
- a\s, thus limiting the possibility of an observable seasonal effect. 


IV. The Estoous Cycle 
A. The Length of the Cycle 

The av^gc lenglh of the cstrom cycle of gilts and sows is about 21 
(ajs. a cl presents the cstrous cycle length of the sow as reported 
by N-anous investigators. ° 

nurger (11) found no couclation between the duraUon of estrus 
^d the length of the ej-cle. Tlierc was a staUsUcally significant differ- 
neVrt,2 el’ Iku Large Black and Large White breeds. 

Vlhh^r 1 r. ‘ ''“"Y"- foond no difference betw een tl.o Chester 

\\h.te and Poland CTiina breeds, nlthough in a later paper (49) H-h 
Rtonp of inv«tigators rr-ported 0.at the s-ariation around d.e loean wo' 
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significantly greater for Chester U^ite (SD 16) than for Poland China 
gilts (SD about 1 0) 

TABLE I 

The Estrous Cycle Length in the Sow 



Estrous Cycle Length 

Authonty 

Mean and SD 

Range 

Struve (57) 

20 66 ±2 36 

15 to 30 days, 75^o 
between 18 and 23 

McKenzie and Miller (42) 

21 to 22 

days 

Krallinger (38) 

21it2}^ 


Robertson et al (45) 

20 5 ± 1 48 (Chester Whiles) 

21 0 ± 095 (Poland China) 


Burger (11) 

217:ii2 32 (Large Blacls) 

20 9 3 52 (Large Whiles) 


Schmidt and Bret- 

20 5 

11 to 41 days, 77% 

Schneider (47) 


betNveen 17 and 25 
days 


Although *‘s\lent heat” periods are relatively rate in swine, they occur 
occasionally Burger (11) estimated the incidence of "silent heat” as 
about 1 5% in over 950 cycles studied The occurrence of an occasional 
silent heat period may explain the great range of estrous cycle lengths 
reported by Schmidt and Bretschneider (47) In other words, a 41-day 
cycle length may represent two consecutive estrous cycles separated by 
a “silent heat” period overlooked by tliese investigators 

McKenzie and Miller (42) reported little difference in cycle length 
with increasing sexual age 

B Estrus 

X Duration of Estrus 

Even tliough tlie onset and disappearance of estrus, as measured by 
vulvar swelling, interest in the boar, etc, is gradual (11), the actual 
penod of estrus (“heat”), when tlie sow will accept the boar, has been 
quite accurately determined McKenzie and Miller (42) reported the 
a\crage duration of estrus as 40 to 46 hours in the normal c) cling sow 
There uas little difference betueen tlie length of the first estrus at 
puberty and that of subsequent estrous periods, except for the first 
period after weaning, which was longer, a\eraging 65 hours Burger 
(11) also reported that the duration of estrus did not varj" w-ith advanc- 
ing sexual age, and that the first four periods after puhcrlj did not differ 
significant!}. There was a difference between breeds (and families), 
and the first heat periods following parturition and wcming were longer 
than those preceding conception Tlie mean durations, in hours, for llio 
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Laree Black and Large mite breeds were as follorvs: Brst estru 
puberty, 58.50 and 48.65; sow estrus, 68.19 and 49.91; postpjrrtum estrus, 
68 20 and 65.42; and first postweaning estrus, 65.05 and o7.84, re^ 
tively. The individual lengths of the cstrous periods varied from lo t 
96 hours. In general, the estrous periods of the Large Black breed wer 
significantly longer. The onset of estrus oecurred just as often dimng 
the “day” (from 6 A.M. to 3 P.M.) as during the “night” (from 6 P.- • 
to 3 A.M.). Coitus, with either intact or vasectomized boars, did no 
influence the duration of estrus. Schmidt and Bretschneider (47) 
ported that in 32 sows, observed over a period of years, the duration 
of estrus averaged 2.47 n: 1.30 days with a range of 0.5 to 10.0 ays- 
They observed no breed differences; estrous periods were shortened, 
however, when the average monthly temperature exceeded 16°C. 


2. Time of Estrus in Relation to Parturition 


ivimately 


Usually, the sow exhibits a nonfertile estrous period approxunal ^ 

2 days after parturition. However, there seems to be considerable in* 
diridual variation in this respect. Baker et al. (6) reported that om> 
17 of the 29 sows studied came into heat within 1 to 3 days folloNving 
parturition, and that none of the sows in heat conceived when ^ 
Burger (11), on the other hand, found that only 3 of 88 sows failed 
to exhibit a postpartum estrus. The intervals between parturition and 
the onset of estrus were 41.3 ± 9.44 hours for the Large Black breed and 
47.59 16,42 hours for the Large White breed, a difference which was 

not Statistically significant The interval between parturition and estrus 
was independent of the number of pigs farrowed. None of the 13 so^'^ 
bred at the postpartum estrus conceived. Wamick et al. (61) observed 
postpartum heat in only 18 of the 36 sows investigated. Txvo of the so^''S 
exhibiting estrus ovulated, and fertile ova were recovered from the re- 
productive tracts at slaughter, Smvs which did not exhibit heat did not 
o%-ulatc. The average interval from parturition to the onset of estrus 
tended to be longer, although the difference was not statistically sig- 
niRcant, and the average duration of the postpartum estrus was sig- 
nificantly longer in nonsucklcd (60 hours) than in suckled so^^’S (2^ 
hours). Since ovarian des'elopmcnt was not marked (the maximum fol' 
hcular diameter was 5 to 7 mm.) and the corpora lulea of pregnane)' 
were undergoing regression, Uiese investigators succest that an extra- 
m-anan source of estrogen is responsible for the pos^artum estrus. 

3. Time of Estrus in nclation to Wcanin" 


postpartum period, although 


the usual 

an occasional heat perio’d may occur in 
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some sows before weaning (2, 11, 28, 38). In such cases, ovulation 
occurs, fertile ova are shed, and conception \vill occur if the sows are 
bred (11). 

The interval between the end of lactation and the onset of heat is 
quite variable. Krallinger (38) found an average interval of 7 days in 
147 observations, while Allen el al. (2) observed an average interval 
of 9.6 days. Burger (11) reported the intervals for the Large 
Black and Large White breeds as 16.1 rb 21.43 and 7.85 ± 11.07, 
respectively. The variability was so great, however, that the mean values 
have little significance. No relationship has been found between the 
4-week weight of the litter or the decline of the sows weight and the 
return of die poshveaning estrous cycle (38). Thus, the demands of 
lactation do not influence this interval. This finding was confirmed by 
Burger (11), who found no correlation betiveen the return of estrus and 
the length of the nursing period, the litter size at weaning, or the loss 
of the sow’s weight during lactation. 

The removal of the suckling stimulus for a sulficiendy long period 
re-initiates the cycle. Baker el al. (6) removed the litter from sows 
either at parturition or within two days after farrowing. About 7655i 
came into heat within 8 to 16 days after farrowing. The estrous period 
lasted an average of 2.82 days, and 92.5% of the 197 ova recovered after 
slaughter were fertile. Burger (11) was unable to induce estrus in 
lactating sows by removing die litter overnight. 

4. External Manifestations of Estrus 

The most evident external manifestations of estrus in the sow are 
characterisdc sexual behavior patterns and an increase in die size of 
the vulva. The sexual behavior of the sow is described in detail by 
Burger (11). Apparendy, the most consistent behavior indicative of 
estrus is submission to "riding” by other animals, either male or female. 
Tlie fluctuadons of the size of die vulva wiUi the estrous cycle have been 
studied quantitaUvely (11, 42). Burger (11) observed that die vulva 
began to enlarge 3 to 4 days before estrus and that the onset of estrus 
could bo accurately predicted to occur on die 4di day after the first 
positive indicadons of vulvar swelling. In prepuberal gilts, however, 
mlvar enlargement often occurs several weeks before die puberal estrus. 

C. The Cyclic Changes during the Estrous Cycle 
1. Ovary 

The classic paper by Comer (17) described in detail die morplio- 
logical changes of the ovat)' throughout the estrous cj’clc. htore re- 
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cently. Burger (11) reinvestigated the gross aspects of 

and regression of the ovary during the cycle, describing these chang 

as follows. i, o j f'l the 

During diestrus, the ovarian weight increases from the 3td until 
12th day after the onset of estrus. This is due, primarily, to the 
of the developing corpora lutea, which enlarge shortly after ovu a 
and reach a maximum of about 11 mm. on the 15th day of t e , 
They then decrease as regression proceeds. The corpora gra ^ 
change in color from a dark red on the 3rd day to a pale purp e y 


the 15th day of the cycle. Between the 15th and 18th days they ar® 
J - - - . , At the 


yellowish-cream, and with advancing age they become white. At 
3rd day, the central cavities of the corpora lutea are filled with dark-re 
blood clots, which may be replaced by connective tissue plugs by t e 
6th day, or by a yellowish fluid which may persist up until the 15th or 
18th day of the cycle. A marked vascularity of the corpora is plain y 
evident from the 6th to the 18th day of diestrus. The corpora lutea o 
the preceding cycle do not change in diameter appreciably during ni 


estrus, but they rapidly undergo involution at the onset of estrus 


and 


VSV4U3, wu<. iiivviuwuij ui 

virtually disappear when about 40 days old. The average diameter o 
the large follicles increases until the 18th day, reaching a maximum d 
approximately 9 mm. The total number of grossly visible follicles does 
not change during diestrus. This statement is in variance with the find- 
ings of Robinson and Nalbandov (46) who have repotted a sharp rh® 
in follicular numbers at the 8th day of the cycle. 

At estrus, the corpora lutea undergo a rapid regression, the average 
diameter being reduced neatly 507o. The most rapid rate of involution 
coincides with ovulation. The definitive follicles enlarge until the Ifii 
hour niter the onset oE estrus, but thereafter size changes are variable^ 
Tile color of die mature tollicle has been described as "sea-shell pinb- 
Tins may he due to the line network ot blood vessels overlying *0 
tollicular surface. A transparent area at the apex of the follicle is 
indicalion of immcdialc rupture. Size alone is no criterion, since, al 
ovulation liie follicles may vary several millimeters in diameter. Con- 
gestion oi die arterial system and extravasation ot blood into the follicles- 


giving rise to liemorrliagic follicles, occur froqui 

o\iilaUnn. fn1l;r>1rv n...i _i . t 


, ,, - => WV..U4 itc-quently in the sow. 

mnilaUon the folljclc flushes and rupture may be detected by the col* 
bpse of the follicle walls and the annear.-mr^ nF ^ fluid o 


,1- , , Ibc appearance of a reddish fluid ov'Cf 

. I.. I "'Pdire point can Im distinguished until the 12tl. da)' 

a re.! "'"i"' “"'•''‘“'e fehidos at cstnis arc very small, 

a rrauction in mean diameter liavii 


T1.e hisloiogica, chang^-ori^^^fStd'':::^!:^ i^^ of .1.® 
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sow during the estrous cycle have been described by Corner (15, It). 
In brief, 2 or 3 days before the onset of estrus, the definitive follicle 
begins to enlarge rapidly. At tliis time, hypertrophy of the theca interna 
and partial dissolution of the cumulus odphorus occur, to the extent 
that the ovum is nearly freed of follicular anchorage. The ovum itself 
undergoes tlie first stages of maturation. The nucleus moves toward 
the periphery of the cell, where it undergoes mitosis, and the first polar 
body is expelled. At ovulation, the first polar body has been discharged 
and the second polar spindle has formed. Spalding et at. (52) studied 
tlie development of the ovum immediately preceding, during, and 
after ovulation. 

With tlie collapse of the follicle at ovulation, the granulosa remains 
intact, except for the loss of the cumulus odphorus wid\ the ovum. The 
granulosal cells undergo hypertrophy and become filled \vith lipid ma- 
terial developing into the “lutein” cells of the mature corpus luteum. 
Blood vessels from the tlieca interna ramify tluoughout the developing 
corpus, carrying with them the lipid-containing cells of the theca interna, 
which become lodged throughout the corpus behveen tlie lutein cells 
of granulosal origin. By the 7th day after tlie onset of estrus, 
the corpus luteum is fully differentiated. The lutein cells of tlie mature 
corpus are very conspicuous, being 30 to 40 in diameter. Tlie cells 
originating from the theca interna are smaller (10-25 ^i) and are packed 
\rith small vacuoles and fat droplets. The lutein cells are held by a 
framework of reticular connective tissue which arises from the capillarj' 
endothelium (16). Regression of the corpora lutea begins on about 
the lotli day of tlie estrous cycle. The lutein cells undergo a rapid de- 
generation, become vacuolated with pycnotic nuclei. The blood capil- 
laries collapse, and, as regression proceeds, tlie connective tissue be- 
comes thicker and more dense. Tlie cells of tliecal origin do not de- 
generate as abruptly but may persist for several weeks, enmeshed 
witliin the connective tissue. Wlien about 6 weeks old, the corpus 
luteum becomes indistinguishable from old ntrctic follicles. 

Chemical (9) and c>^ochemical (7) studies of the ovary have re- 
vealed distinct change in the composition of the follicle, and par- 
ticularly of the corpus luteum, during the estrous cycle. Bloor ct aJ. (9) 
rcporlcd that the phospholipid content of the corpus luteum follow's 
closely the gross and histological cliangcs of development and regression. 
Tluis, in the first days after ovulation, the relative incre.isc is small, hut 
from the 5lh through the lOlh clay of the c)*clc the phospholipid content 
rises rapidly. Willi regression, the content falls rapidly after the l-lth 
day. Free cholesterol increases progressively to the ISlIi day .and then 
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remains at a fairly constant level. Bound cholesterol remains low un^ 
the 14th day and then rises rapidly with retrogression of the giano. 
The percentage increase of total cholesterol is slow until the regressio 
of the corpus, but thereafter the increase is rapid, probably becaus 
this material is not as readily reabsorbed as are other constituents o 
the gland. These results indicate that the phospholipid content vanes 
with the physiological activity of the gland during development an 
regression. Boyd and Elden (10) report similar findings. Barker ( ; 
employed a number of cytochemical tests (sudanophilia, reactivity o 
carbonyl reagents, birefringence, fluorescence, and acetone solubility;, 
believed to characterize steroid-secreting tissues, in an investigation o 
the sow’s ovary during the estrous cycle. Such “lipids” were presen 
only in the ova of the primordial follicles. When the follicles became 
vesicular, the basal cells of the granulosa and the cells of the theca 
interna acquired lipids. These investigators conclude that such ce 
represent the sites of ovarian hormone production, although with the 
methods employed the individual steroids could not be characterize* 
The “lipid” cells were largest, but individual droplets smallest, in 
thecal cells just prior to ovulation, indicating an active secretory phas^ 
During the first 3 days after ovulation, all of the lutein cells contained 
large lipid droplets; however, they were most numerous in those derived 
from the theca interna and in the granulosa cells adjacent to the central 
coagulum. From the 4th to the 14th day of the cycle, the over-all con- 
centration of lipid was lower than during metestrus. The drople^ 
remained numerous in the theca lutein cells. During late diestrus and 
proestms, from the 15th day of the cycle until estrus, the lipid drople^ 
in the regressing corpus luteum, as in the theca interna of atretic and 
c)’stic follicles, and in the interstitial tissue of the ovary became hi" 
soluble in acetone, although they continued to respond positively 
the other tests employed. It was suggested that these may be steroid 
condensation products. 


Several investigators have determined the hormone content of the 
sows ovary in relation to the stage of the estrous cycle. Elden (24) re- 
ported that the progestin and estrogen content of the corpus luteum 
was high shortly after ovulaUon and low during regression. In a more 
Jlrv. Ufl) found that the estrogen content of 

ot hlth , from slightly less than 3 n.U. (rat units) per lOO g- 

r,t I tn it “V "r of “froof 6 K-U- 

dccenLtril -n’ ° ‘'‘™ ''oofined as U.e corpus luteum 

orhlhited hvo pe.ihs, one shortly 
altcrmulaucn (4 rahhit units), and the second 12 to 15 da;s after esim* 
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(over 5 rabbit units). Kimura and Cornwell (35) found appreciable 
quantities of progestin in the corpus luteum before the gland was fully 
differentiated. Ihe content increased to a ma.ximum on the 15th day 
of tire cycle and then declined. Hisaw and Zarrow (29) reported the 
presence of small amounts of relaxin in the ovary of the sow drrring 
the luteal phase of the cycle but none during the follicular phase. 
Relaxin was absent in the prepuberal gilt ovary. 

2. Uterus and Oviduct 

The histological changes of the uterus, as described by Comer (17) 
and confirmed by McKenzie (41), can be summarized as follows. Dur- 
ing estrus, the surface epitlielium is pseudostratified and varies in height 
from 25 to 30 |i. Mitotic figures occur frequently in tlie surface epi- 
thelium but are not numerous in the uterine gland cells. The stroma 
is edematous and the subepithelial connective tissue is invaded by 
many neutrophilic, polymorphonuclear leucocytes. During the first week 
after ovulation, the epithelial cells undergo hypertrophy. The pseudo- 
stratifled condition is replaced by a high columnar type of epithelium 
which attains a height of 35 to 50 p toward the end of this period. 
Three to four days after ovulation, the more superficial gland cells begin 
to multiply. By the end of the week, numerous mitotio figures are evi- 
dent in the basal gland cells. Eosinophilic, polymorphonuclear leuco- 
cytes, which are always present to some extent in the stroma, increase 
greatly in number but do not invade the epithelium. Stromal edema is 
reduced. In mid-diestrus, 8 to 10 days after ovulation, tlie high columnar 
type of epithelium persists, the nuclei occupying a central position in 
tile cell. The surface cells are so arranged as to give a wavy or hilly 
appearance, a condition characteristic of this stage of the cycle. Here 
and there, abnormal, degenerating cells with pycnotio nuclei are com- 
pressed between tlie normal, actively secreting cells. At tliis period, 
the invasion of tlie more superfici.Tl portion of tlie stroma by eosinophilic 
leucocytes is at its height During late diestnis, 10th to loth day of the 
cycle, tlie surface epithelium reverts to a low columnar type, 15 to 20 p 
high. Cytoplasmic processes, 3 to 8 p in height, are extruded from cacli 
cell, which, according to Corner (17), are not cilia. [Snyder and Comer 
(51) and McKenzie (41) have reported Uiat cilia are not present on the 
surface epithelium at any stage of tlie ryclc, but that they are always 
present in the uterine glands. Tlieir number and actiia'ty do not appear 
to fluctuate witli the estroiis cycle, and the former investigators sug- 
gested that transportation of the o\a was not their primary function.) 
Tlic excess numbers of eosinophilic leucocytes disappear from the 
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stroma. During late diestrus and proestrus, the surface epitheha 
are low columnar or nearly cuboidal. The cytoplasmic processes • 
disappeared. Marked vacuolar degeneration of the epithelial cells 
characteristic of this stage of the cycle. A large number 
philic leucocytes accumulates in the subepithelial stroma, an e c 
is initiated. _ ..i 

A number of investigators have studied the changes of uterine mo ^ 
ity during the estrous cycle. Seckingcr (48) and Kcye (33) ® 
a cyclic variation of amplitude and rate of contraction of isolate s p 
of the sow’s uterus. From these findings, Comer (18) presente 
theory, now fairly well established, that the uterine and tubal 
tion cycles represent a peristaltic mechanism se^^^ng to transport ’ 
ova. In general, the amplitude of contraction is greatest during esl^s, 
but the major contraction waves occur less frequently. These 
have been confirmed and extended by other investigators: King (»^ / 
found that the work capacity of the isolated, loaded muscle was greates 
during estrus and least at the height of the luteal phase of the cycl®» 
Whitelaw (65) observed a cyclic variation in the contraction of 
oviduct; and Csapo and Comer (20) reported that spontaneous utenn® 
motility at estrus is characterized by relatively infrequent contractions 
of large amplitude followed by quick, complete relaxation, while during 
the luteal phase of the cycle, the isolated uterus develops spontaneo^ 
“contracture.” Adams (1) presented some data suggesting that the 
uterine muscle of the sow responds to pituitrin with contraction and 
to adrenaline with relaxation more intensely during the luteal phase 
of the estrous cycle. Pomeroy (44) recently showed that the rate of 
passage of the ovum through the oviduct is relatively rapid in the 
sow, the ova entering the uterus between 24 and 48 hours after 0 %’ula- 
tion. He suggested that this swift passage is due to the high proges- 
terone titers of the sow resulting from the numerous corpora lutea. 


3. Vagina 

McKenzie (41) and Wilson (67) described the histological changed 
of the vagina during the estrous cycle. The vaginal stroma contains a 
small number of leucocytes throughout the cycle. However, cyclic 
v^iations do occur. Leucocyte numbers increase during the Brst 4 days 
i! ^ mid-diestrus. The vaginal epithelium 

f squamous type. It varies in height tvi* the cycle, in- 
Tlm^bc “ P^i^essively decreasing W 

of r surr-^°, I"'* of oyde. A heavy sloughing 

of the superEcal layers begins at about the 4th day and is completed 
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by the 16th day after estrus. Leucocytes invade the epithelium during 
late diestrus and increase in numbers, reaching a maximum during 
metestrus when they are removed by desquamation of the epithelium. 

During estrus the pH of the vaginal mucus may be lower and vaginal 
temperatures higher (47). 

4. Anterior Pituitary 

The morphological changes of the anterior pituitary of the sow, in 
relation to the estrous cycle, have received little attention since the 
publication of a paper by Cleveland and Wolfe in 1933 (13). These 
investigators collected the pituitaries of 41 sows killed at selected periods 
after the onset of estrus. The exact stage of the cycle was estimated by 
examining the gross and histological appearance of the ovaries and 
reproductive tracts. They described definite changes in the histology 
of the anterior pituitary associated with various stages of the cycle. 
During proestrus, from the 15th to 20th days, eosinophilic cells pre- 
dominate, and the number of cytoplasmic granules appears to increase 
progressively during this period. A few nearly agranular eosinophils, 
typical of the luteal phase of the cycle, are observed. Basophils are 
conspicuous and the majority are filled completely witli granules. Tliere 
may be a reduction of the numbers of chromophobes during late pro- 
estrus. During estrus, eosinophils are numerous and packed with gran- 
ules. Tlie number of granules per basophil is markedly reduced, and 
die number of nongranular basophils increases. The relative number of 
chromophobes is also reduced markedly. The early luteal phase of the 
cycle, from 0 to 7 days after estrus, is characterized by a general re- 
duction of eosinophilic, cytoplasmic granules in the alpha cells, and an 
increase of basophilic granules in die beta cells. During the most active 
luteal phase, 8dr to 11th days of the cycle, there is litde reduction in 
die number of eosinophils, but the majority contain few granules. Tlie 
number of basophik is diminished, and many contain granules which 
tend to accumulate around die nucleus. Many cells of diis latter tj'pe 
undergo regression and may be transformed into chromophobes. Tlie 
late luteal phase, lOdi to 15di day of die cycle, is characterized by re- 
gressive changes of bodi the eosinophils and basophils and a relative 
increase in die numbers of chromophobes. 

These investigators attempted to correlate their histological ohscr\'a- 
tions wth earlier studies regarding die changes in the relative capacity 
of the gland tissue to induce ovulation when injected into rabhits (CS). 
In general, dicy could not obscr\‘e a clear-cut nssoci.Hlon between the 
hormonal actiWty of the gland and the relative number and cj'tologic.'il 
nppe.iraijco of either the basophils or eosinophils. 
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The cyclic fluctuations of the total gonadotropic hormone contcn 
the anterior pituitary have received more attention than the morp i 
logical changes associated with the reproductive cycle. As previous y 
mentioned, Wolfe (68) determined tlic relative ability of fresh antcrio^ 
pituitary tissue, collected from sows at various stages of the ^strou 
cycle, to induce ovulation in the rabbit. He found that the equiva en 
of 1 mg. of fresh tissue, obtained during the follicular phase o ® 
estrous cycle, would induce ovulation consistently, while 10 and 4 ru^ 
were required when the tissues were collected during estrus or dunng 
the luteal phase of the cycle, respectively. One interpretation of t ese 
results was the suggestion that since ovulation was induced with mw 
difficulty with pituitary tissue collected during the luteal phase of t e 
cycle, luteinizing hormone was not involved with follicular rupture. 
Faiermark and Singerman (26) estimated the total gonadotropic potency 
of sow pituitaries by implanting the fresh tissue into mice and repor e 
similar results, namely, that the gonadotropic content was highest during 
proestrus, fell sharply at estrus, and was very low during diesUus. 
Robinson and Nalbandov (46) determined the total gonadotropic hor- 
mone content of the anterior pituitaries of 33 normally cycling sows 
killed at definite intervals after the onset of estrus. The glands were 
assayed by measuring the increases of testicular weights of chicks re- 
ceiving standard doses of the dehydrated ground tissue. An estimate ot 
the total surface area of the ovaries of the donor sows occupied by 
follicles, a so-called "follicular index,” was used to evaluate ovarian 
folUcular development. This was done in an attempt to interpret the 
functional significance of fluctuations of the total gonadotropic hormone 
content of the pituitary in terms of the resultant activity of the target 
organ. From the 1st through the 7th days of the estrous cycle, the 
gonadotropic content of the pituitary and the follicular index were loW- 
The authors suggested that the low gonadotropic level during estms 
may result from pituitary inhibiUon by estrogen and a shift in the reja* 
Uve proportion of FSH and LH. On the 8th day of the cycle, the gonado- 
tiopic content increased sharply and remained high until the 20th da/- 
The follicular index showed the same trend, primarily because of «« 
increase in numbers of follicles until the 14th day, and thereafter be- 
cause of an increase in follicular size. From the 20th day until estrus, 
nnmirfi'' of gonadotropic content and folUcuUr 

tion “ statistically significant positive corre U- 

Sex .““J conteS the ovarian follicuI« 

finding is interpreted as 

gg g that the total gonadotropic content of the gland is indicative 
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of the actual secretorj' rate of this hormone It is difficult to interpret 
tlie significance of fluctuations in total gonadotropic content of the 
pituitary in terms of tlie hormonal regulation of the estrous cycle A 
determination of the individual changes in FSH and LH at various 
phases of tlie cycle should help to clarify this aspect of reproductive 
phjsiolog) in tlie sow 

5 Other Changes 

McKenzie (41) described the histological changes of tlie vestibular 
epithelium of the vulva in some detail In general, the height of tlie 
epithelium reaches a maximum during estrus, and desquamabon and 
leucocytic infiltration are most marked on tlie 2nd to 4th days after heat 
Altmann (3) studied the cyclic variations of the vaginal smear, activity 
as recorded with a pedometer, body temperature, heart rate, and sahva- 
tion through a parobd fistula Activity increased during proestrus, 
reached a maximum at the end of estrus, and tlien declmed to a low 
le\el immediately following estrus In tlie other measurements tliere 
were no apparent differences which could be correlated uith a definite 
stage of the cycle, except for a possible reduction of salivation during 
estrus Curtis (21) also recorded the activity of sows ivitli a pedometer 
and reported that spontaneous activity, particularly at night, was greatly 
increased durmg estrus 

D Oonlatton 

1 Time of Ovulation m Uelatwn to Estrus 

Ovulation in the sow occurs during tlie latter part of estrus (11, 19, 
40) and is spontaneous, being independent of coitus (19) Specific 
changes in the histological appearance of the vaginal smear, the pH 
of the vaginal mucus, or of the rectal or vaginal temperature during 
estrus cannot be used to establish the time of ovulation (47) Burger 
(11) in\ estigated, in some detail, the fame of ovulation in relation to 
the onset of estrus by examining tlie ovaries of gilts sacrificed at 6 hour 
inteivals dunng estrus, he reported that ovulation occurs veil into the 
second half of tlie estrous period There was a highly significant breed 
difference in the time of o\ulabon, which was positively correlated witli 
the durabon of estrus Tlius, the mean durabons of estrus and the 
intenal between tlie onset of estrus and o\uhtion for the Large Black 
and Large W%ite breeds -were 625 and 42-54 hours, 47 6 and 18-36 
hours, respectively It was calculated that o\'ul'ition was delated 6 
hours for each 7 8 hour extension of estrus 

Burger attempted to determine the length of time required for all 
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The cyclic fluctuations of the total gonadotropic hormone content of 
the anterior pituitary have received more attention than the morp o 
logical changes associated with the reproductive cycle. As previous y 
mentioned, Wolfe (68) determined the relative ability of fresh anterior 
pituitary tissue, collected from sows at various stages of the estrous 
cycle, to induce ovulation in the rabbit. He found that the equiva en 
of 1 mg. of fresh tissue, obtained during the follicular phase o ® 
estrous cycle, would induce ovulation consistently, while 10 and 40 
were required when the tissues were collected during estrus or during 
the luteal phase of the cycle, respectively. One interpretation of these 
results was the suggestion that since ovulation was induced with mos 
difliculty with pituitary tissue collected during the luteal phase of t e 
cycle, luteinizing hormone was not involved with follicular rupture. 
Faiermark and Singerman (26) estimated the total gonadotropic poten<^ 
of sow pituitaries by implanting the fresh tissue into mice and reporte 
similar results, namely, that the gonadotropic content was highest dunng 
proestrus, fell sharply at estrus, and was very low during dieses. 
Robinson and Nalbandov (46) determined the total gonadotropic hor- 
mone content of the anterior pituitaries of 33 normally cycling sows 
killed at definite intervals after the onset of estrus. The glands 
assayed by measuring the increases of testicular weights of chicks re- 
ceiving standard doses of the dehydrated ground tissue. An estimate o 
the total surface area of the ovaries of the donor sows occupied by 
follicles, a so-called “follicular index," was used to evaluate ovarian 
follicular development. This was done in an attempt to interpret 
functional significance of fluctuations of the total gonadotropic hormone 
content of the pituitary in terms of the resultant activity of the target 
organ. From the 1st through the 7th days of the estrous cycle, the 
gonadotropic content of the pituitary and the follicular index were low- 
The authors suggested that Uie low gonadotropic level during esti^ 
may result from pituitary inhibition by estrogen and a sliift in the rela- 
tive proportion of FSH and LH. On the 8th day of the cycle, the gonado- 
S'P": t increased sharply and remained high until the 20th day- 

Tlie follicular index showed the same trend, primarily because of an 
Increase in numbers of follicles until the 14th day, and thereafter be- 
Muse of an increase in follicular size. From the 20lh day until cstn«s. 

pronounced drop of gonadotropic content and foUicul^^ 

Uon w i" ™ ® stathlically significant positive correU- 
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of the actual secretory rate of this hormone. It is difficult to interpret 
the significance of fluctuations in total gonadotropic content of the 
pituitar)' in terms of the hormonal regulation of the estrous cycle. A 
determination of tlie individual changes in FSH and LH at various 
phases of the cycle should help to clarify lliis aspect of reproductive 
physiology in the sow. 

5. Other Changes 

McKenzie (41) described the histological changes of tlie vestibular 
epithelium of the vulva in some detail. In general, tlie height of the 
epithelium reaches a maximum during estrus, and desquamation and 
leucocytic infiltration are most marked on the 2nd to 4th days after heat. 
Altmann (3) studied the cyclic variations of the vaginal smear, activity 
as recorded witli a pedometer, body temperature, heart rate, and saliva- 
tion through a parotid fistula. Activity increased during proestrus, 
reached a maximum at the end of estrus, and then declined to a low 
level immediately following estrus. In the otlier measurements tliere 
were no apparent differences which could be correlated with a definite 
stage of the cycle, except for a possible reduction of salivation during 
estrus. Curtis (21) also recorded the activity of sows with a pedometer 
and reported that spontaneous activity, particularly at night, was greatly 
increased during estrus. 

D. Ooulation 

1. Time of Ovulation in Relation to Estrus 

Ovulation in the sow occurs during the latter part of estrus (11, 19, 
40) and is spontaneous, being independent of coitus (19). Specific 
changes in the histological appearance of the vaginal smear, the pH 
of the vaginal mucus, or of the rectal or vaginal temperature during 
estrus cannot be used to establish the time of ovulation (47). Burger 
(11) investigated, in some detail, the time of ovulation in relation to 
the onset of estrus by examining the ovaries of gilts sacrificed at 6-hour 
interv’als during estrus; he reported that ovulation occurs well into the 
second half of the estrous period. There was a highly significant breed 
difference in the time of ovulation, which was positively correlated with 
the duration of estrus. Thus, the mean durations of estrus and tlie 
intctv'al between the onset of estrus and ovulation for the Large Black 
and Large \Vliite breeds were 62.5 and 42-54 hours, 47.6 and lS-36 
hours, respectively. It was calculated that ovulation was delayed 6 
hours for eacli 7.8-hour c.Ktcnsion of estrus. 

Burger attempted to determine the length of time required for all 
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of the Mliclra ot an individual sow to rupture. Altlio.igli the 
were rather inconclusive, he estimated thaj complete ovulation o 
dcnniiivc follicles required approximately 6.5 hours. 


2. Rale of Oculation 

Tlic ovulation rale of the sow at eacli cstrus has been 
average 18.4 ova. with a range of 10 to 23 (39). Statistically the W 
ovary may contribute more ova at cacli ovulation than the ngi j 
(45, 63). Burger (11) and Self et at. (49) reported signifiwnt dmei* 
ences in ovulation rate with breed, and Sqniers et at. (55) foun 
inbreeding may reduce the number of ova shed. In addition to 
genetic effects, the most important factors contributing to the varia 1 
in ovulation rate are sexual age and the nutritional status imme ta ^ , 
preceding and during the breeding se.ison. 

In general, ad\ancing sexual age increases ovulation rate. 
et at. (45) determined the number of ova shed at two consecuti' 
estrous periods by counting the number of regressing and newly 
corpora lutea in the ovaries of Chester White and Poland China ^ 
slaughtered immediately following the second estrous period a ® 
puberty. They observed a highly significant increase of ovulation ra 
at succeeding estrous cj’cles for both breeds. The average incre^ 
in the number of ova shed per animal for each breed was 1.6 and 1-^ 


respectively. Age at puberty' was not associated w'ith ovulation rate. 


and 


within this limited age difference calendar age was not as important as 
sexual age in determining ovulation rate. Wamick et at. (62) also 
sented data suggesting an increase of o\'ulation rate with increasing 
sexual age through the third cstrus after puberty, and Burger (IJ’ 
found that the average number of ova shed by 7- to 8-month-old gn^ 
was 14.12, while 15- to 17-month-old sow's had an ovulation rate o 
16.1< ova. Squiers et at. (55) compared the ovulation rate of 277 gn^ 
averaging 255 days of age with that of 72 older sows. The a\erage 
numbers of ova shed by the gills and sows were 11.5 ± 2.53 and lo"* 
:i= 3.40, respectively. They- estimated that in the gilt each lO-day in- 
crease^ of age at conception resulted in an increase in oxailation rate 
of 0.35 ova. The average age at conception W'as 226 ± 23.2 days. Zim- 
merman ct al. (71) reported a subslanUal increase in oxoilation rate at 
second cstrus over the previous one in Chester and crossbred gilt^- 

The practice of flushing,” or of raising the nutrient intake of 
l>cfore the breeding season in order to increase the number of 
larrowcd, has been recommended by animal husbandmen for a 
of years (50). Recently, sex'eral investigators have studied, in some 
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detail, the influence o£ food intake on ovulation rate Zimmerman et al 
(71) limited the prepuberal nutrient intake of 32 crossbred and 16 
Chester White gilts by feeding a high-fiber ration (13 3% fiber) At 
puberty, the gilts were divided randomly into four groups One group 
was self-fed die same high-fiber ration, while the other three groups 
were self-fed a low-fiber, fattening ration (5 9% fiber) beginning on 
either tlie 8th, 12th, or 16th days of the first estrous cycle All gilts 
were slaughtered 3 to 5 days after the onset of the second estrous period 
In all cases tlie ovulation rate was greater at second than at first estrus 
However, the increase was significantly greater in the gilts receiving 
the fattening ration from the i2th and 16th days of the first estrous 
c)cle m comparison with the nonflushed controls The increase m 
ovulation rate was independent of such mdividual characteristics as the 
pre- and postflush body weights, degree of finish, average daily gam, 
and food consumption during the flushing period In an earlier paper 
(49), this same group of investigators compared the effects of self- 
feeding with limited feeding, at two-thirds the self-fed rate, upon the 
OMilahon rates of Chester White and Poland China gilts in each of 
two years The experimental rations were fed from about the 70th day 
of age until the 25th day after the onset of the second estrous period, 
uhen the animals were slaughtered Mating occurred at the second 
estrus Some of the gilts were full fed and others were limited-fed 
throughout tlie experimental period In addition, some were full fed 
until puberty and during the first estrous cycle and then were hmited- 
fed during the first 25 days of gestation, others were limited-fed except 
during the first estrous c)cle, others were full fed only until pubert), 
wliile otlicrs were limited fed only until puberty During the first )ear, 
the gilts full fed throughout the experimental period had a higher 
o\ Illation rate than either those fed at tv\ o thirds the self-fed rate 
throughout the entire experimental penod or those receuing the limited 
ration only after the attainment of puberty HoNvexer, in comparison 
with full-feeding, hmiled-fecding during only the prepuberal stage of 
sexual de\ clopment did not reduce the ovulation rate During the second 
jear, gilts full-fed from 70 days of age through the first estrous cxclc 
ovulated at a higher rate than those which were hmitcd-fcd throughout 
the experimental period, but they did not differ from those full fed onh 
during the first estrous cycle, indicating that only a short penod of 
full-fccdmg IS necessary to stimuHtc the maximum rale of ovulation 
Tlie number of ova shed .at the second cstnis was positiveK correhted 
wiUi the gam m body weight dunng the first estrous cycle 

In contnist to the favorable effects of “fluvlilng** which involves an 
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inci. in the consumption of total cncrg>- and 

tntional inadequacies may reduce the ovulation rate. For Pj 

lohnscn cl al (32) found that a ration deficient in vitamin Bir ™ 
the ovulation rate of gilts. Teaque (39) piililishcd dat.a '“gg"' 
the existence in ground, sun-cured alfalfa of on unidentified a or i 
increased the number of ova shed. Gilts fed a ration containing lijc 
alfalfa meal had an average o\'ulalion rate of 13.5 ±. 1.51 in compan 
wth a rale of 11.9 ± 2.0 in control gilts fed a presumably adcquai 
ration devoid of alfalfa meal. 

E. JLxperimental ^fo^Uf^cation of the Esirous Cycle 
1. Use of Gonfldofro/Ji'rts 

The use of various gonadotropic and ovarian hormones to induce of 
to inhibit estrus and ovulation, citlicr in the normal-cj'cle sow or 
lactational diestrus, h.as been investigated for a number of years. ^ 
though quite variable, the results of these studies furnish some insig^ 
into the effectiveness of such hormones in regulating the reproduebve 
cycle. . 

The early investigations of Faiermark (25) and Hvalov et aJ. (31) *** 
dicated that various gonadotropins would induce both estrus af* 
ovulation, if given in proper amounts to the sow in cycle. Only lh05 
materials containing appreciable quantities of follicle-stimulating 
tUity were effective. In a more definitive study, Tanabe et al. (‘^“/ 
found that the administration of equine gonadotropin during the lutea 
phase of the c)xle (5 days after estrus) would not produce heat of 
ovulation, although a number of large ovarian follicles did de^■elop• 
Equine gonadotropin, administered during the luteal phase of the c>’cl^ 
and followed 5 days later by the injection of unfractionated sheep pito*' 
tary extract, induced estrus and ovulation with an average of 13.1 o%’a 
shed. Wien the sows were bred, none of the 97 ova recovered ffO^i 
the reproductive tracts was fertile, although two contained sperm 
tlie zona. It is not clear whether the ova were nonviable or whether the 
spermatozoa failed, in most cases, to reach the ova. Five of 9 sow's 
receiving equine gonadotropin during the follicular phase of the cycle 
(16th day after estrus) exhibited estrus within. 48 to 56 hours. Estrus 
and ovulation were induced by Injecting pituitary extract 5 daj'S after 
the administration of equine gonadotropin during the follicular phase 
ot the c>’cle. The average number of corpora lutea formed was 25.3 
^d an average of 5.3 fertile ova were recovered from each sow'- 
Oi-utaion I^rrcd 36 lo 48 hours after the intravenous administration 
01 sliecp pituitary extract alone on either the 6th, 17th, or 20th days 
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of the cycle, although the ovulation rate was higher when the extract 
\\as injected during the folhcular phase Du Mesnil du Buisson (S3) 
also reported the successful induction of ovulation in gilts with sheep 
pituitary extract Ovulation occurred about 38 hours after treatment and 
the ova remained viable for less than 4 hours, a finding which may ex- 
plain the poor fertility of ova ovulated dunng the luteal phase of the 
cycle Day et al (22) found that estnis and ovulation were induced 
in gilts by the admimstration of “pure* FSH (Armour preparation) 
followed m 24 hours by estradiol dunng the folhcular, but not dunng 
the luteal, phase of the estrous cycle 

The successful induction of estrus, ovulation, and subsequent fer- 
tilization in the sow would have considerable practical apphcation, since 
It could increase reproductive capacity and the number of pigs fjir- 
rowed Cole and Hughes (14) and Heitman and Cole (28) investigated 
the use of equine gonadotropm with this in mmd In general, tlie ad 
ministration of this hormone early in lactation (before the 40th day) 
was not as effective as injections made late in the lactation period 
In the latter study, 76 and 86% of the sows receiving the hormone be 
tween tlie 20tli and 39th da)s and behveen the 40th and 50th days, re 
spectively, exlubited estrus Following breeding, 44% of the 20- to 39- 
day group and 66% of tlie 40- to 50 day groups farrowed Estrus usually 
occurred between 4 and 6 days after hormone administration The 
results were not influenced by tlie number of sucklmg young Alien 
et al (2) reported tint only 1 of 20 control sows, while 3 of 18, and 17 
of 26 sows receiving 1,000 I U of gonadotropin on tlie 20lh and 40th 
dajs of lactation, respectively, exhibited estrus during the 56-day lacta- 
tion period 

2 Use of Gonadal Honnoucs 

Tlie gonadal hormones presumably effect the estrous cycle by caus- 
ing inhibition of pituitary gonadotropin production or release Ulbcrg 
ct al (60) studied the use of progesterone to control the estrous ejele 
of the normally c) cling sow Daily injections of 25, 50, or 100 mg per 
animal cffcctwcly inhibit estrus if administered sufficiently carl) in llic 
c)cle (15th day), hut the results arc quite xanablc if the injections arc 
initiitcd on the 19th clay of the c)clc Doses less than 25 mg dail) arc 
incffcctwc, irrcspcclne of the time of administration Tlie sows ex- 
hibited heat 6 to 7 da)s after withdraw al of tlic high levels of pro- 
gc*slcronc (100 mg dail) ), and ovulation appeared to be normal, nl 
though no information on fertilization was obtained The ovaries of a 
high percintage of the gills receiving the intcnntdialc dosage of pro 
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gestciune (50 mg.) contained cystic follicles. Tlicse animals did not 
exhibit estrus over the 7- to 26-day postprogcsterone-treatmcnt peno . 
Observing that a moderate dose of progesterone results in cystic fo he 
which do not ovulate, while the higher dose does not prevent ovulatio ^ 
after it is withdrawn, the investigators postulated that the latter pro- 
duces absolute inhibition of pituitary gonadotropic production, '' n e 
the moderate dose is sufficient to depress LH but not FSII, resulting in 
an imbalance of gonadal regulation. In a reinvestigation of this stu ) 
(5), results were much more variable. Only 1 of 9 gilts receiving 25 ni^ 
of progesterone daily exhibited estrus after withdrawal, and 7 of the 
possessed cystic follicles and had not ovulated. One group of gilts ve 
ceiving 100 mg. of progesterone daily, starting on the 15th day of t e 
cycle, did not develop cystic follicles and reacted similarly to those re 
ported in the earlier study, but in two other groups, receiving the same 
amount of hormone starting on either the 10th or 15th days of t le 
cycle, the hormone increased the number of follicular cysts. In genera , 
however, the results show that the injection of 100 mg. of progesterone 
daily, starting early in the follicular phase of the cycle, will inhibH 
the estrous cycle. After injections are stopped, the cycle is resumed with 
some modifications from normal. Subsequent to liormone treatment the 
estrous period is shortened, the incidence of follicular cysts increases, 
and fertility, as measured by the number of fertile ova recovered, is 
duced. The investigators again advanced the theory that the develop- 
ment of follicular cysts is due to a differential inhibition of the pituitary 
by moderate doses of progesterone, resulting in an overproduction o 
FSH in proportion to LH. The variable results obtained with a daily 
dose of 100 mg. of progesterone, however, indicate that this is not the 
optimum level to obtain complete pituitary inhibition. 

Tlie various substances possessing estrogenic properties have variable 
effects on the estrous cycle, depending, for the most part, upon the 
time of administration in relation to estrus and upon the amount em- 
ployed. In Europe, a number of investigators have used relatively high 
levels of these substances to inhibit the estrous cycle, and in general, 
tlie c>clo has been suppressed for several months, particularly when 
inhiated during the luteal phase of the cycle (4, 8, 37. 
ixi 54. oO, 70). At these levels, a number of substances having estrogenic 

sensitive than were 

gilts (SI). Moderate amounts of estrogen did not inhibit the onset of 

W Of. (34). in a more recent 

rturU. n,.cst.galed tl,c effects ot injecting relatively mall amormts (3 
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mg ) of dietliylshlbestrol into gilts on either the 6th, lltli, or 16th day 
of the estrous cycle Tlie results differed with the time of administra- 
tion Administration on the 6th day of the cycle had no effect, but the 
cycle was prolonged for about 6 days in the gilts injected on the 11th 
day of the cycle When the latter were bred at estrus, fertile ova were 
recovered from the reproductive tracts Ovulation appeared to have 
been relatively normal, although the ovanes of all gilts examined con- 
tained abnormally large luteinized follicles The effects of hormone in- 
jection on the 16th day of the cycle were quite variable In some gilts 
tile c}cles were shortened, and in others greatly prolonged In tlie 
latter, normally appearing corpora lutea were present in the ovaries 
and the endometna were extremely edematous 

The relatively high relaxin content of tlie corpora lutea of the sow 
suggests that this hormone might be released during the luteal phase nf 
the cycle Zarrow et al (69) found the diameter of the cervix to be 
smaller in castrate as compared with normal gilts Relaxm adminis- 
tration following a priming dose of estrogen caused significant dilation 
and associated increase in water content and depolymerization of the 
ground substance of tlie uterine cervix 
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I. Introduction 

The domestic dog (Canh familiaris) is represented by a large num- 
ber of breeds. Through centuries of selective breeding, this species lias 
been developed to perform a wide variety of tasks on behalf of mankind. 
Yet, popular concepts concerning the breeding habits of the dog remain 
obscured by superstitions. It is only through a basic understanding of 
the changes occurring during the estrous cycle that problems related to 
reproduction can be properly evaluated. For this reason, reproduction 
is discussed throughout the dog’s life span, i.e., phases of growth, ma- 
turity, and senility. Material obtained from observations on some 400 
female beagles maintained for life span studies are included in the 
te.\'t (7). 
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, .die dog is monestrous in that several 

1 . ^cur between breeding periods. In 1900, Heape (ol) ptP 

■,rn,s to designate phases of the estrous cycle which have sin 
widely adopted. He designated proestrus as the beginning o _ 
ual season or “coining into heat”; estnis as the period o neriod 

metestrus, a gradual subsiding of sexual activity; and anestrus, p 
of rest or quiescence. It miglit be mentioned that me use , _ 
word ‘lieaf stems from the elevated temperature felt upon p 
tion of tlie external genitalia during the period of sexual ac 
discussing the estrous c)’cle in the dog, “diestrus should not e -^^Is 
since this term refers to the period of quiescence in polyestrous an 
witli shorter cycles. 


II. Dextilopment of the Genitae Organs to Pobebtv ^ ^ 
This account is intended primarily to provide the reader with a 
timetable concerning development of the reproductive sj'stem in 
dog. In contrast to other animals, the dog e.xhibits considera ® 
dividual variation between the time of ovulation and 
therefore, a vride divergence in size and development between i 
is encountered when fetal age is calculated from the time of nia S 
^^^e^e possible, croNMi-rump (C*R) measurements and body weg' 
have been included for the sake of comparison. 

In the dog, beriveen 5 and 10 days are required for fertilize^^ 
reach the anterior horn of the uterus; the embr) 0 , at this , 
reached the 16-32-cell stage (9). Fetal implantation occurs 18 to 20 3) 
after conception (1). At the beginning of the second trimester of g®* 
tion, the zonular placenta has been established and fetal developm^ 
proceeds at a rapid pace. , 

As sho^^^l in Fig. 1, the 23-day embiyo (C-R, 5.0 mm.) has compl^^ ^ 
delimitation. At this stage, potential gonadal tissue is represented ) 
unorganized somatic and germ elements. In embryos of 7.5 mm., * * 
urogenital ridges are well-defined, and by the 28th day, indiffei^” 
gonads project from the ventromedian surfaces (Fig. 2). The gona<^’ 
at this time (C-R, 15.0 mm.), consist of undifferentiated cells. Accor 
ing to )oncUiccrc (56), in the GO-day fetus, the initial wave of cells fro^ 
the germinal epithelium are penetrating into tire gonad to form the 
medulla. Tlicsc cells soon form a core within Ure gonad separated (rom 
the germinal epithelium b>' the primitive tunica albuginea. Further d^^ 
\c\opment of the gonad distinguishes the sexes. Differentiating sem«' 
nifiTous tubules can l>c recognizctl in gonads destined to l)ecomc testes 
iKuorc fjogonia appear in the dcs'cloping cortex of Uie ovary (35-d3> 





fetus, C-R, 65 mm.; wt., 25 g.). Clusters of oocytes appear immediately 
below the germinal epithelium in the 43-day fetus (C-R, 109 mm.; wt., 
88.4 g.). Cortical proliferation and differentiation continue, and the 
ovary at birth may contain an estimated 700,000 follicles (92). 

As ovarian development continues, the fetal reproductive system takes 






Fic. 1. Twenty-three day beagle fetus (5 mm.) m utcro. At this stage, gonads 
are represented by unorganized somatic and germ elements. 

Fjc. 2. Indifferent gonads in 28-day fetus (15 mm.). Magnification; X 29. 

F/c. 3. Ov.ir)’ from beagle pup at birtJi. Note tJic rclathcly small cortical rim 
of follicles as compared to the large core of medullary elements. Tlie bursal sheath 
extends from the broad stalh and shows 2 cross sections of Uie oviduct and the 
fimhna on the free margin. Bouin's, paraffin, hcmatoxjhn, and eoxin. M.ignlfica- 
tion: X 6. 

Fic 4. Cortical zone of ovarj’ from G>^-month-old beagle showing various size 
follicles. Magnification: X 28. 
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. itt jiUcental mammals, the paired Mullerian ducts fuse ^ 

= , ) !.ai the body of the uterus and vagina; these portions are 
bv a thickening, the cervk (81). Anteriorly, the Mullerian ducts ? 

into the bicornate horns of the uterus. From each uterine horn, a s 
tubule (the oviduct) continues across the ventral surface of 1 ® ® 
Posteriorly, the vagina empties into the vestibule or urogenita _ 

common passageway for both the genital tract and urinary system, 
temal genitalia are visible in the 35-day fetus ( C-R, 65 mm. ) . 

At birth, the ovary is globular in shape and in the beagle 
about 4.0 X 6.0 mm. Cortical and medullary elements 
represented approximately in the ratio of 1:5. The cortica ’ 
covered by cuboidal epithelium, contain clusters of oocytes an p ^ 
mordial follicles; the latter are surrounded by delicate connective 
elements and capillaries. Deeper within the ovary, epithelial cells m 
mingle with connective tissue, blood vessels, and lymphatics. Tlie 
ous cortex and stromal elements of the medulla contrast sharply 'Vi 


the loose connective tissue of the hilum, which continues as the 
varium or ovarian stalk (Fig. 3). The mesovarium contains blood a 
lymphatic vessels and vestiges of the provisional male duct systc*^ 
(epobphoron). As shown in Fig. 2, a thin connective tissue sheath ^ 
tends from the mesovarium over the surface of the ovary to form t ® 
ovarian bursa. This photomicrograph also shows the fimbria on t ® 
free margin of the sheath as well as two cross sections of the oviduct. 

Figure 5 illustrates the growth curve in the beagle breed from 
to puberty. Puberty occurs only after the growth plateau is attaine 
During the period of rapid growth, ovarian follicles gradually increase 
in size. True primary follicles are found in the ovary when the pupp) 
is 15 days old (84); by the 5th month, the cortex contains follicles whic’ 
show evidence of liquor formation (56). Graafian follicles are found at 
the corticomcdullar)’ junction when the puppy is months old 

(Fig, 4). Until 8 months, when the growth plateau is reached, tlie vast 
majority of follicles undergo degeneration. At 8 months, maturing 
Graafian follicles arc present in the ovarj’, and external signs of puberty 
may be manifested. However, both individual and breed differences 
exist with respect to the time of puberty, mile larger breeds may not 
manifest cstrus until I}/, to 2 years of age (47), beagles generally show 
signs of estrus l>etwecn 10 and 14 months. Once definite signs of 

potential reproductive ability con- 
tinues throughout the life span of the dog. 
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Fift. 5. Crowib curve m the beagle from l«rlh to puberty. 
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III. The Estroos Cycle 
A. Duration and Interval 

In discussing the duration of eslrus, Heape (51) stated: In the 
hitch it lasts a variable time, variable both in different individuals of 
the same species and in the same individuals at different times. This 
has been confirmed by several authors (11, 45, 69, 78, 107). The results 
of all of these investigators are within the time limits for phases of the 
cycle proposed by Evans and Cole (37), i.c., procstrus — ^9 days; estrus— 
9 days; melestrus — 80 to 90 days. Normal variations expected in these 
periods are 3 to 16 days in procstrus; 4 to 12 days in estrus; and up to 90 
days in metestrus. At puberty, estrus may be somewhat longer (75). 
Once an individual bitch has established an interval, each succeeding 
proestrus, estrus, and metestrus phase of the cycle shows little variation. 
The length of these periods appears to be independent of body 
size (107). 

It has generally been accepted that the bitch has two estrous periods 
at 6-month intervals. The impression has been that little variation in the 
cycle exists. However, one rarely finds a bitch coming into season on 
the same calendar date from year to year. Williams (47a) stated; “I 
have always regarded the interval between cycles as extremely variable 
and 1 think it might be profitable to sidestep this by abandoning the 
conception that a six-monthly cycle is normal.” The interval between 
estrous cycles is largely determined by the length of anestnis. In con- 
txast to proestrus, estrus, and metestrus, the length of anestrus seems 
to vary with size; smaller breeds may have a 4-month cycle while larger 
breeds (Great Dane) may have an 8-month cycle (69). Most females 
show a slight but progressive increase in the intervals between estrus 
until 4 years of age. The aged female commonly has irregular estrous 
cycles and often an extended period of anestrus (2, 82). 

Rowlands (91) maintained records from 50 females over a 4 -year 
period and found the estrous interval to be 7.7 months. Our kennel 
records over a 5-year period showed a 7.3-month interval in virgin 
beagles and a 7.0-month interval in bred dogs, as shown in Table 1. 

TABLE I 

T>ie Eyrnous Cycle in the Beacle 


Number of dogs 
Age at first estrus (da\-s} 
Estrous periods (total) 
Estrous cj'cles per dog 
Length of c>'clc (da)-s) 


23 

332 

143 

5.72 

228 (SD 70) 


348 

164 

5.65 

212 (SD 56) 
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The cntena used to obtain these data were vulva palpation and a 
sanguineous discharge This method proved 805% effective in detect- 
ing estrus by the acceptance test in tlie bred group It will be noted 
that nonbred dogs showed a shghtly longer mten'al between estrous 
cycles (16 days) with a significantly larger standard deviation (SD) 
than found m the bred group This verifies tlie clinical observation that 
irregular estrous periods are more common among nonbred dogs It 
would seem that the average estrous interval is approvimately 7 months, 
although considerable mdividual and breed variations evist 

B Manifestation of Estrus 
1 Symptoms and Sexual Behavior 

Female dogs experiencing a normal estrous rhythm usually exhibit 
some signs several weeks before commg into heat, m general, their ap 
petite and appearance improve If given the opportunity, tliey prefer 
to associate with male dogs Some females may actually resent the 
companionship of other females when male dogs are in the \icinity, 
this resentment is especially noticeable toward spayed females 

A few days prior to visible signs of proestrus, most female dogs be- 
come hstless and somewhat mdifferent On occasion, the maiden female 
may refuse food Excitement, tremors, and tetanic spasms in a 5 year- 
old temer coming into heat were reported by Moss (74) A few cases 
have been observed in which convulsions preceded signs of proestrus 
These seizures are without any apparent cause and stop as soon as 
external signs of proestrus become evident 

Proestrus is characterized by swelling of the external genitaha, and 
by a sanguineous discharge from die vulva which follows wiUiin 2 to 
4 dajs As die flow of blood-tinged fluid increases the VTilva and vesti- 
bule become enlarged, and upon palpation feel turgid to the touch 
The disposition of the female changes, she becomes restless, excitable, 
and does not respond to commands which at other times arc immcdiatch 
obeyed She drinks increasing quantities of uater and urinates fre- 
quently, which apparcntl) attracts male dogs If not restrained, she 
will roam to lure male dogs but will resist copulation The higher 
mortalit) rate observed in dogs under field conditions as compared 
to those in a kennel is in part attributed to the tendency to roam during 
proestrus and estrus (4) The attracting factor in urine from fcnnic 
dogs has not been identified Beach and Gilmore (16) demonstrated 
that the bitch is not the attracting factor, since urine placed in sawdust 
containers aroused sexual libido in male docs If the female Is fed 
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.uftciuit .mounts of chlorophyll (8.0 mg. per kg.), she will attract 
fe%\e’. males, but breeding is not jeopardized (43). 

There is no method of determining when a female dog enters estrus 
other than by acceptance. Most bitches will accept the male within 
6 to 1'2 days from the onset of proestrus. At this time,- the bloody dis- 
charge is greatly reduced, and she stands for coitus. She assumes a 
position with an elevated tail-head and the tail held horizontally to one 
side. The inexperienced bitch will often assume the breeding stance 
several times between short periods of play before allowing copulation, 
while experiencd females usually accept the male without undue play 
or teasing. 

Among “proud” bitches, there is a tendency to select the male; this 
is especially noticeable in the Saluki and Labrador breeds (10). Sexua 
libido on the part of tlie male may be a factor. For instance, young 
males may breed a willing female sooner than an older male (109). 
Some females may assume the breeding stance but not allow copulation 
until the swelling and sensitivity of the genital tract has receded. 

After estrus the external genitalia become flabby, and a scant dark 
brown discharge is evident. The female becomes increasingly tranquil 
and docile; outwardly, she may appear somewhat unthrifty, ^^^ithin 
2 to 6 weeks, a small amount of whitish or opaque discharge appears 
at the ventral commissure of the vulva which gradually disappears as the 
external genitalia returns to normal. Then, the female once again condi- 
tions herself for the next estrous period. 

Upon occasion, a female may be seen mounting dogs of either se.x, 
exhibiting pelvic thrusts for a variable length of time. Such action is 
most commonly obserx'cd among dogs in heat, but some may show 
this behavior during any phase of the estrous cycle. Walton (106) feels 
th.Tl “riding in the dog is neither cyclic nor indicative of sexual 
ri'ccplivity. Excessive sexual desire (n)'mphomania), in female dogs, 
on the other hand, is generally assowated with the pathological condi- 
tion of cystic ovaries (87). 

2. rcripficral Blood Values 

Changes in the physiological stale of the animal during the estrous 
cycle might lie cxpectetl to produce variations in peripheral blood x-alucs. 
In our l.»l>orator)', an attempt was made ot determine If such variations 
oectured. Nonlired atid brci! groups of mature female beagles were 
trttetl for csinis by physical examinations and by testing with males. 
Ulfwxl 5.unples ucre obtained from each group at weekly interx'als 
throughout the estrous c)'clc. Tlie cluingw in hlood values were more 
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pronounced in the bred group, similar but less pronounced trends 
were observed in the nonbred group (6). 

No significant variation in leucocytic elements was noted during 
the infertile cycle, although bred dogs commonly reveal a 35-40% in- 
crease in leucocytes during late gestation (6). During proestrus, 
hematocrit values increased 10-12% above those established for beagles 
in anestrus (5). The packed cell volume increased from 46.6 to 57.5 
ml./lOO ml. blood (SD, 2 5) by late proestrus and early estrus. Cor- 
respondingly high erythrocyte and hemoglobin values were observed, 
namely, 8.49 X 10® (SD, 0.31) and 19.0 (SD, 0 54), respectively. Dur- 
ing metestrus, erythrocytic elements gradually decrease to values found 
at anestrus. Furtlier blood variations observed in this experiment were 
limited to an increase in sedimentation rate. A significant rise, 5 5 mm. 
per hr. (SD, 7,4), in sedimentation rate was not apparent until the 6th 
to 7tli week of metestrus. The skewed value indicates that, at this time, 
the sedimentation rate was between 5-15 mm. In contrast, pregnant 
dogs commonly show a mean sedimentation rate of 30 mm. in the 6th to 
7th week of gestation (6). Further study to confirm the results of this 
experiment is required, 

C. Anatomy of the Genital Organs-^ross and Histological Changes 

Anatomically, the genital organs include the paired ovaries, oviducts, 
uterine cornu, uterine body, cervix, vagina, and vestibule (Fig. 6). 
With the advent of puberty, ovarian activity under the influence of 
gonadotropins is responsible for the cyclic changes exhibited by all other 
portions of tlie genital tract. The release of estrogen and progesterone, 
in turn, from the activated ovary produces grossly observable and ex- 
tensive microscopic alterations. To fully appreciate these changes, it 
is necessary to explore the anatomy of the tract prior to the advent 
of estrus. 

J. Anestrus 

That portion of the genital tract located within the abdominal cavity 
is suspended by two peritoneal folds, the broad ligaments. These liga- 
ments extend from the dorsolateral peritoneal cavity to the uterus, ovi- 
ducts, and ovaries as the mesometrium, mesosalpinx, and mesovarium, 
respectively. Posteriorly, the ligaments merge into the retroperitoneal 
connective tissue within the pelvic canal. Anteriorly, the broad liga- 
ments are attached to the dorsolateral abdominal wall in their passage 
toward the kidneys to which they adhere. Blood vessels, lymphatics, and 
nerves, interspersed with lobules of adipose tissue, are particularly 
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measured 31 cm. in hciphl antJ 42 cm. in iength. 

Knr:A, VuUa. D, Vestibule. C, II)mcn. D, Vestibular bulb. E, Urethral orifice. 
F, Ureter. C, Bladder. II, Vaginal mucosa v.nth longitudinal folds and rugae. 
1, Wall of vagina, reflected to expose lumen. J, External os of cers'Lx protruding 
from dorwl v.all of vagina. K, Body of the uterus. L, Round ligament of uterus. 
M, Uterine cornu resTalmg small lumen. N, Distal portion of osiduct. O, Cut sur- 
face of o%-ary showing de\ eloping corpora lulea. P, Ovarian bursa. Q, Portion or 
osari.'m bnrsa joining ovarian ligament. U, Broad ligament containing congested 
uirrinc blootl vessels. S, Uterine cornu. T, Ventral surface of ovarian bursa almost 
devoid of fat as compartnl to lobules of adipose tissue in surrounding area. U, Oviduct 
tranivrrsing ventral surface of ovarian bursa. Uj, Distal portion of oviduct passing 
along nvetlial surface of ovarv’. V, Ovarian ligament. X, Capillaries williin ovarian 
bursa. (Drawn lij* A. C. Andersen.) 

Fiti. T. Dorsal surface of right ovary, bursa, and anterior uterine comu at first 


rvtrous period. 

Ki-y: Mj. Cross section of utetine conns. U,, Oviduct passing into Embriae. 
Ovarian ligametit. X, Capillaries within ovarian buna. Y, Margo ovaricus. Z. Fmi- 
WUta tmicosa (TsitUclie Masse) viewed through tlie ovarian sht. (Drawn by A. C- 
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noticeable in the mesometrium. Blood vessels anastomose as tlie meso- 
metrium incases the uteri, forming the outer, flattened, serosal layer, 
Tlie mesovarium envelops the ovary, forming the ovarian bursa. The 
oviduct passes as a slender tubule within the bursal sheatli from the 
blunt anterior end of the uterine cornu to tlie dorsomedial aspect of the 
ovary. Prior to puberty, the oviduct has few convolutions and takes 
a somewhat straight but anterodiagonal course across tlie ventral sur- 
face of the ovary, \^flien the oviduct reaches the medial side it turns 
abruptly posteriorly to terminate in the dorsomedial aspect of the bursa 
(Fig, 7), According to Ellenberger (34), the dog is the only species in 
which the oviduct encircles the bursa. A fibrous band from the anterior 
end of the uterus, the ovarian ligament, passes over tlie dorsal aspect 
of tlie ovary to attach immediately behind tlie kidney; medially it 
bounds a narrow bursal slit approximately 1 mm, in length (Fig, 7). 
Ellenberger (34) describes tlie fimbriated end of the oviduct (ostium 
abdominale tubae) flattening out along the lower border of this slit. 
The bursal slit changes in size during tlie estrous cycle. The significance 
of the bursal slit is not known, but conception after ovarian transplant 
wll not occur if the ovarian bursa is closed completely by sutures (Hi). 

Removal of the ovarian bursa exposes the smooth and ghstening 
ventral surface of the ovar)% which resembles a lima bean in shape and 
size (1,7 X 9-9 X 94 cm, in the beagle). In gross sagittal section, the 
cortical and medullary zones of the ovaiy may be disringuished. Histo- 
logically, the cortex is covered by a single layer of cuboidal cells show- 
ing numerous mitotic figures; budlike cords dip into the underlying 
collagenous connective tissue, the tunica albuginea. The ovar)' is devoid 
of elastic tissue (103). Tlie parenchyma of tlie corte.x is composed of 
follicular and anovular epithelial cords which arise from the germinal 
epithelium (15). During their tortuous course into the ovarian stroma 
these cords lose their continuity with the surface epithelium (38). 
Follicular cords (Pfliiger’s tubes) remain in the cortex while epithelial 
(anovular) cords penetrate deeper and presumably contribute to stromal 
elements of the medulla (72). 

Follicular cords give rise to varying size follicles containing one or 
more oocytes (Fig. 4). Numerous oocytes and primordial follicles 
abound either singly or in dusters (egg nest) in the outer rim of the 
corte\. Primarj' follicles have but a single layer of cuboidal-tjiJc granu- 
losa cells surrounding the ovum, while sccondaiy follicles have two or 
more granulosa layers. Sccondaiy Follicles largely increase in size by 
proliferation of granulosa cells and nnlnim formation. Frequently, sec- 
ondary follicles arc obser\‘cd with 2 or more ova; polyovular follicles fn 
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',e J '.AC been reported to contain as many as 11 ova (50). The 
munber is 3 to 5 ova (11, 38, 50). For farther details 
the anatomy of the follicle, the reader is referred to Trautmann an 

’"'"Thr number of follicles present at birth is drastically reduced at 
puberty. According to Schotterer (92), who counted the ' 

ihe ovLies of 5 dogs of diBerent breeds, 700,000 folhcte 
at birth and only 350,000 at puberty. Of these, some 12M to 1300 ne 
vesicular (Graafian) follicles. It has long been known that most ot tim 
follicles undergo atresia, yet the process regulating atresia m the ovary 
has not been explained. As stated by Witschi (112), “atresia degen^a- 
tion must be regarded as a normal and well-regulated process. e 
relative number of follicles present in the ovary continues to decrease 
with advancing age; Schotterer (92) found only 500 follicles in a 
year-old dog. _ . 

The oviduct begins the tubular portion of the genital tract. It is 
adherent to the ovarian bursa and varies between 5 and 8 cm. in length 
(94), In cross section, the serosa and subserosa form a distinct connec- 
tive tissue ring around the tunica muscularis. The tunica muscularis is 
richly supplied witli clastic tissue. Circularly arranged smooth musde 
fibers extend obliquely along the tube as well as radiating into the 
mucosa (103). The lumen of the oviduct is lined by longitudinal folds 
of substantia propria covered by low columnar epithelium; a submucosa 
is absent. Although glandular structures are also absent, the mucosal 
epithelium undergoes striking alterations during the estrous c^’cle. 

Tlie horns of the uterus (Fig. 6) are long and narrow, uniting 
posteriorly to form the short body. The uterus in cross section, is ellipti- 
cal in shape and the flattened margins contain longitudinal fibrous bands, 
the round ligaments (23). Numerous blood vessels traverse the round 
ligament via the broad ligament to become anastomotic twigs in the 
suhscrosa (Fig. 6). Immediately below the subserosa, a relatively thin 
longitudinal layer of smooth muscle is separated from the thick internal 
circular layer by the stratum vasculare (103). 

Tlie endometrium or mucosa is pale rose in color and presents 4 or 5 
longitudinal folds (Fig. 8). Low columnar epithelium inv’aginatcs to 
form uterine glands (42) which number 5 to 10 for each longitudinal 
fold (11). Tlicse glands penetrate in a nearly straight course, extending 
almost to the muscularis where their terminal ends coil. At certain 
tlmi's, shorter glands appear; these glands arc absent in other domestic 
animaU and man (103). Each gland has a lamellar fibroelastic sheatli 
surroumleil by tissue sp.ices and the lamina propria (103). 
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Grossly, the cervix appears as an oval-shaped mass separating the 
uterus and vagina The continuation of myometnal fibers together with 
fibroelastic tissue forms the body of tlie cervLX, which, m longitudinal 
section, can be seen protruding into the vagmal lumen The cervix and 
the small vaginal folds w'hich surround the external os can be seen upon 
removing the ventral wall of the vagina (Fig 6) From the external 
os, the narrow lumen of the cervical canal curves dorsally and anteriorly 
to open into the uterus at the internal os According to Arenas and 
Sammartino (11), the cervical canal does not have a clearly defined 
tunica propria, merging uterine and vagmal epitheha directly cover tlie 
muscularis They describe the transition between uterine and vaginal 
epithehum as irregular, tliat is, folds of vagmal epithelium alternate 
vvitli endometrial epithelium containing glands which give a positive 
mucin reaction 

The vagina extends from the cervLx to the constricted and poorly 
defined hymen of the vestibule A serosal layer exists only in the anterior 
part, since posteriorly an adventitia occurs as the vagma passes through 
the pelvic canal The tunica muscularis of the vagina is similar m 
arrangement to that found in the uterus, vvitli the exception of an inner 
longitudinal layer which together with circular muscle fibers forms a 
loop around the external os (103) The vaginal mucosa is composed of 
lamina propna and cuboidal type squamous epithehum exhibiting con- 
spicuous longitudinal folds L)Tnphocytic follicles and nodules occur 
in the lamma propria, and tw o different types of epithelial cells line the 
lumen A basal lajer of compressed cuboidal cells with scant cytoplasm 
and dark-stainmg nuclei is distinguishable from the pseudostratified, 
acidophilic cytoplasm and pale staining nuclei of the superficial Laver 
(75) 

The vestibule is bounded antcnorly by a narrow' circular fold of 
mucosa (hjmen) and postenorl) by the vulva (Fig 6, A and C) The 
outer wall has a sphincter of striated muscle fibers, immediately below 
are located two distinct bulbs of erectile tissue (Fig 6, D) These 
bulbs (bulbus vestibuh) unite dorsally and connect ventrally with the 
erectile body of the clitoris (23) The mucosa of the vestibule contains 
Ivanphocytic follicles The slightly elevated longitudinal folds are lined 
by stratified squamous epithelium which become cornificd at the muco- 
cutaneous junction of the labia 

2 The U^trous Cycle 

Grossly, swelling of the vulva ami a sanguineous flow herald the 
onset of protstrus The vcstihule and vagina increase in width (Table 
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II , and Uie entire genital traet feels firm and turgid to the touch. Con- 
gested blood vessels in the broad ligaments terminate into readdy visible 
uterine vessels as the cornu take on a ventral curvature within the a 
dominal cavity. Anteriorly, lobules of adipose tissue richly suppMO 
with blood vessels partially conceal the oviducts and ovarian bursa, me 
entire genital tract is preparing for procreation. 


TABLE 11 

Gross Changes m Genital Tract at Puperty-* 


Anestrus Pioestms Astras’* 


Organ 

Length 

Width 

Length 

Width 

Length Width 

Ovary 

1.6 

~"o.9 

1.7 

1.0 

1.7 

1.0 

Oviduct 

5.2 

0.1 

5.8 

0.2 

6.0 

0.3 

Uterine born 

7.2 

0.4 

9.0 

0.9 

9.5 

0.9 

Uterine body 

1.5 

0.4 

1.8 

0.9 

3.0 

1.0 

Cervix 

1.2 

0.7 

1.2 

l.l 

2.0 

1.3 

Vagina 

5.8 

06 

8.5 

2.4 

10.0 

2.4 

Vestibule 

2.1 

0.1 

2.6 

3.0 

2.9 

3.2 


Mete strus 
Lengt h Width 

L7 LO^ 

6.0 0.2 

5.0 1.0 

1.9 0.9 

1.0 0.8 

9.0 0.9 

3.0 3.5 


• Mid'Outside measurements in centimeters. Purebred beagles between 7.3- • 
Vg. in body weight, 31-33 cm. In height, and 39-^2 cm. in length. 

Eighteen hours after first acceptance. 


a. Ovary. Only 1.5% o£ the average life span of the dog has been 
spent by the time of puberty (46). Successive estrous cycles cause 
changes in the genital tract similar to those described at puberty 
signs of aging become manifest. This discussion will not deal fully with 
the complexity of aging phenomena, but rather sketch the genital 
changes which commonly occur with maturity in the bitch. From 
puberty to senescence, most organ systems, except the thymus,^ either 
retain or gain weight. The ligamentous attachments of the genital tract 
accvimulate large quantities of adipose tissue, especially noticeable about 
the ovaries. Of more importance are histological changes in the ovary, 
since this organ is of prime concern in both fecundity and in functional 
activity of the genital tract. Usually, fertility does not decrease until 
the dog is 5 years old (82), 

Ovarian follicles increase in size so characteristically during proestrus 
that Arenas and Sammartino (11) identify this phase of the estrous 
cycle as the “period of follicular maturation.” Since most small follicles 
tindergo atresia only a limited number exceed 2 mm. in size. Those 
attaining 3 to 4 mm. have some 8 to 10 rows of granulosa cells; the theca 


1 At ptibcrty, Ikcagles \dx\i a body W'clgbt between 7.5 and 7.9 kg. show the 
followHng decrease in weight of the tbjTnus: anestrus, 13.8 g.; proestrus, 10.5 g.5 
cstms, 0.0 g.; metestrus, 4.8 g. 
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interna increases in vascularity and connective tissue elements Follicles 
4 to 6 mm m size bulge slightly above the surface of the ovary A 
unique feature of mature follicles in the dog is a pronounced foldmg of 
the granulosa (11, 37, 75) whicdi contain vascular cones of invaginated 
theca interna (75) In early estrus immy follicles have released their 
ova and show evidence of corpora lutea formation (Fig 6) 

It is generally conceded that the dog was the first species in which 
ovulation was directly observed Wilhelm BischofiTs classic (19), pub- 
lished m 1845, contains a historical review of the subject and vividly 
illustrates ovulation and early embryonic development m the dog 

That new oocytes arise from the germinal epithelium during maturity 
has been reported by Evans and Swezy (38) and Barton (15) These 
authors concluded that continuous oogenesis occurs m the dog During 
metestrus, germinal eptihelium activity increases and is represented by 
palisading invaginations into the outermost nm of the cortex, in the 
advent of pregnancy, this activity mcreases Barton (15) describes two 
or tliree waves of proliferation from the germinal epithelium during 
each cycle replenishing primary follicles and epithelial elements of the 
ovary, this occurs largely dunng late metestrus and anestrus The con- 
cept of continuous oogenesis in the adult has been questioned by other 
investigators (24) It is proposed by Tsukaguchi and Okamoto (104) 
as well as Barton (15) that epithelial and anovular cords contribute 
to interstitial cells in tlie medulla 

Dunng follicular maturation, the entire genital tract is preparing 
for reception of ova, an association sometimes referred to as the ulero- 
ovanan cycle (38) However, estrus is not dependent upon the presence 
of follicles, as demonstrated by Marshall and Wood (70), but, accord- 
ing to Zuckerman (115), is related to the intersbhal cells in the ovary 
and in particular the theca interna As tlie follicles mature, the cumulus 
and contained o\aim rotate toward the surface of the ovary (11) 

At this stage, the walls show elaborate folding of the granulosa and 
carl) lutcinization (11,37) 

At the time of first acceptance, some follicles contain free-floating 
o\a with corona radiata while others are still connected h) the discus 
proligcnis, the first mciotic polar body lias jet to be formed (37). 
0\a arc released tlirough a punctate or “pinprick” opening without 
collapse of the follicle (11) Released o\a are 77 X 90 ji, or, including 
the /ona pcllucida, 95 X HO B (15), they contain highly rcfrnclilc 
globules and arc laden with fat (22) 

Overwhelming evidence supports the concept that ovulation in the 
dog occurs spontanconslv over the first 3 or ( dus of true estrus (11, 
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Ij W;, despite the observations of Whitney (109) that ovulation 
>.enr.s on the 4th and 5th days of the copulating period. Rowlands 
1911 found the highest fertility in those dogs bred twice during the 
first 4 days of estrus. Also, his findings clearly revealed a decrease m 
conception rate in dogs exhibiting an extended estrous period; J;"' 
stance, lOO^o conception was found in cycles lasting 5 to 10 days while 
only 50% conception occurred when estrus continued 17 to 19 days. 
Newberry and Gier (78) found evidence of delayed ovulation in females 
which accepted the male for a period longer than 9 days. 

That ovulation is spontaneous in the dog can hardly be refuted, but 
there is some question as to whether all follicles ovulate simultaneously. 
The genital tract shown in Fig. 6 was removed 18 hours after first 
acceptance. At this time, grossly visible corpora lutea (Fig. 6, O) as 
well as recently ruptured follicles were observed. This observation sug- 
gests that ovulation in the dog may be a continuous rather than a simul- 
taneous process. Follicle rupture is believed by Griffiths and Amoroso 
(43) to extend over a period of 12 to 72 hours; however, some investiga- 
tors have reported that it occurs simultaneously in all follicles (11, 37). 
In aged dogs, ovulation may be inhibited, leading to such conditions as 
ovarian cysts and hypercstrogenism (36). 

Ova from recently ruptured follicles are viable for not less than 24 
hours and may continue viable into the 4th day (37, 45). Pronuclear 
division occurs in the middle one-third of the oviduct, segmentation 
begins in the uterine one-third, and betsveen 5 to 10 days after ovulation 
the l(>-32-cell morula enters the anterior cornu of the uterus (9). The 
passage of ova through the convolutions of the oviduct is facilitated by 
muscular contractions, movement of cilia, and possibly an erector action 
(9). If fertilization docs not occur, metestrus or pseudopregnancy 
ensues. 

Corpora lutea form as irregular columns of luteinized cells which 
fill the follicular cavity by early metestrus (37). In the nonpregnant 
dog. corpora lutea begin regression at about 20 days of metestrus (37). 
In the pregnant dog. morphology of the corpora lutea is largely main- 
t.unwl until the end of gestation (75), Corpora lutea spuria are evident 
on succc'cding estrous periotls. 

Wilh ailvancing age. changes occurring in (he ovars- and uterus 
(Fig. 11) during the estrous cj-de Income less pronounced. Grossly, tlic 
os-ars’ in tlic aged dog lias a caulifiowerlike surface with deep crevices 
,ep.>rating varjing-sired nodules (Fig. 8). Such ovaries contain atretic 
follich-s, dense connective tissue, scarred remnants of pres-ious corpora, 
and a reduction in medullary stromal elements (Fig. 9) As shown in 
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F.o. 8. Ovaries from 125/r-year-old beagle which was in conlinunus ancslrus for 
a ncriod of ’’ vears. Nolo caidillowerlike surface. 

Tol Zss section of ovary from S-year-old beagle dam Note irregular sur- 
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. terminal enilhelium becomes pseudocolumnar in type with 

. .'s protrusions, and shows few mitotic figures. Morphologica 

, o ,.ges in the ovary reflect irregularities in the estrous cycle and the 
It’ luction in reproductive fitness as the dam advances in age (-). 
irregularities occur in both virgin and parous dogs (69). Whitney (lu; 
demonstrated that aged ovaries transplanted into a young recipien 
could resume normal reproductive function. It is well kno%\'n a a 
distinctive climacteric does not occur in the dog, but rather estrous 
intervals gradually lengthen. Yet, when estrus does occur in the aged 
dog, fertility may not be seriously affected (2). Mulligan (75) cites 
one exceptional case in which the estrous cycle continued regularly 
until the dog was 20 years of age. 

Little attention has been given to the rete ovarii, but it has been 
suggested by Arenas and Sammartino (11) that this structure maj e 
functional. These authors could not distinguish cyclic activity in the 
rete; however, during anestrus the lumen enlarged and sometimes it 
assumed a labyrinthian (laberintica) structure. 

b. Oviduct. The oviduct becomes convoluted and thickened at 
proestrus; this heightens at estrus (Fig. 6, U). Arenas and Sammartino 
(11) describe an increased folding of the mucosa which shows spike- 
shaped (intercalated) and columnar cells during proestrus, with in- 
creasing numbers of secretory cells as estrus intervenes. Material studied 
in our laboratory shows rather short ciliated epithelium in the fimbria 
and anterior oviduct which become less numerous toward the uterine 
extremity. After puberty, convolutions are a permanent feature of the 
oviduct, but the thickness shows variations during the estrous cycle. 

At proestrus, the bursal slit increases in length from 1.0 to 3.0 mm. 
in the beagle, and a reddish-colored mass (rotliche Masse) protrudes 
into the peritoneal cavity (Fig. 7). In section, this mass constitutes an 
enlarged portion of the fimbria (fimbriata mucosa). The fimbria re- 


Fic. 12. Cross section of titenis. Anestnis. Bouins, nitrocellulose, hematoxjlm 
and eosin; section 12 microns thicl.. Magnification: X 10. 

Fic. 13. Cross section of uterus. Proestrus. Note increase in size and tubular 
appearance resulting largely from congestion and edema. Bouin’s, nitrocellulose, 
bcmatox)lm and cosin; section 12 microns thick. Magnification: X 10. 

Fjc. 14. Cross section of uterus. Estrus. Note furtber enlargement due pnnei- 
pally to bjpertropby of both m)-o- and endometrium. Bonin's, nitrocellulose, hema- 
tos>hn and cosln; section 12 microns tfiicV. Magnification; X 10. 

Fic. 15. Cross scctiw of uterus. Melcstms. The striking increase in diameter 
is accompanies! hy a marked decrease in length of the cornu. Boirin's. nitrocellulose. 
hcm-Uotslm and cosin; section 12 microns thick. Magnification: X 10 
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. , .me metestrus, enabling the ovarian surface to be vieued- 

through the bursal slit; this is especially noticeable during 
ii.mcv. The slit partially closes at anestrus and Huids injected in 
bursa may be retained for several hours. 


r.ic bursa may oe reiaiueu lui scviaAo* aavw*-. 

c. Views. Gerlinger’sthesis(42),andsubsequentreports (11. O'. 

72, 75) have greatly clarified changes occurring in the uterus and \agxn 
throughout the estrous cycle. This discussion will summarize change 
manifested in the uterus (Figs. 12, 13, 14, and 15), cervLs, vagina, ano 
vestibule. At the onset of proestms, engorged uterine vessels are 

the stratum vasculare as thick, muscular-wal e 


pecially noticeable in ^ • 1 hv 

arterioles. Hypertrophy of endometrial components is characterize y 
congested capillaries, interstitial edema, and mitotic figures in the ou 
columnar epithelium lining the lumen. The mucosa shows budlike pro 
jections of epithelium penetrating into the lamina propria. O ten, 
crescent-shaped nuclei surround the more superficial aspects of t ese 
buds which are clearly seen in histological sections. Congested capi 
laries with extravasated erythrocytes are evident immediately below t e 
epithelium. The amount of congestion increases deeper into the su • 
epithelial connective tissue, forming a hj-peremic zone surrounding the 
lumen (37). Extravasated erythrocytes from the hyperemic zone ap- 
parently migrate through the lining epithelium into the uterine caNnly 
by diapedesis, since focal bleeding is not a common observation in this 
species (11, 37, 72). During eslrus, erythrocytes within the lumen 
of the uterus have become greatly reduced in number, and the endo- 
metrium shows extensive glandular growth toward the end of estrus and 
early metestrus. The complex glandular structure of the endometri- 
um is about 1.0 mm. in thickness and consists of three layers: 
(a) superficial sacs, “ciypts of Bischoff ” or the short glands; (b) middle 
layer of gland luminae and stromal elements; and (c) deep layer of 
coiled tubular glands (11). 

About the 20lh day of metestrus, uterine glands begin to atrophy, 
the lumen enlarges, and congestion wanes (37). As shoum in Table H, 
the uterine cornu are shortened in length to about one-balf that found 
at estrus, hut the diameter is maintained. Endometrial regression re- 
(piires SO to 90 days to return to the state characteristic of anestrus (37). 
If pregnane)' ensues, the endometrium undergoes further h)’pertrophy 
(11, 33, 75); howcN'cr, endometrial regression is completed at about 
the same time as in the nonfcitilc cycle (37). Pigmentation-identifying 
sites of fetal implantation persist (33). 

TIjo cervix increases in size at proestms principallv by congestion 
and interstiti.il edema. Tlie mucosal lining is thrown into numerous 
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folds and die previously almost closed lumen becomes dilated and filled 
with eosinophilic-staining material. The cervical canal increases in size 
and fluids can pass readily into the uterus during estrus and metestrus. 
At the close of metestrus, the cervical canal is virtually sealed and only 
occasionally can microscopic debris be noted within its lumen. 

d. Vagina, At proestrus, the lumen of the vagina and the external 
os of the cervix show bulging folds of mucosa. The surface of such folds 
appears “puffed”; some reach 1.0 cm, or more in width. The vaginal 
wall shows congestion and interstitial edema. Epithelium, lining the 
external os of the cervix and the vagina, undergoes pronounced hyper- 
plasia. The flattened 5- to 8-cell layer of stratified squamous epithelium 
seen in anestrus now becomes highly stratified with papilla projecting 
into tlie lamina propria. By mid-proestrus, when the sanguineous flow 
gains momentum, tlie vaginal folds lose their “puffy” appearance. The 
most distinctive feature of the vaginal mucosa during estrus is extensive 
wrinkling (rugae) which becomes less pronounced toward the cervix 
(Fig. 6). Evans and Cole (37) describe the epithelium lining the vagina 
as 12 to 20 cells in height, producing a stratum corneum which desqua- 
mates until the latter half of estrus. The height of epithelial activity 
during the first part of estrus is followed by both a reduction in the 
thickness of the vaginal wall and the squamous epitJielium. Con- 
comitantly, congestion and edema recede so that by metestrus, tlie 
vaginal folds have lost their wrinkled appearance. During late metestms 
and anestrus, the vaginal mucosa shows small, smooth longitudinal folds. 

e. Vestibule. The vestibule does not show mucosal wrinkling dur- 
ing proestrus and estrus. However, during these phases the congested 
and edematous wall reveal h)perplasia of the lining epithelium, but not 
to the extent found within the vagina. The stratum comeum in the 
vestibule is less developed, with correspondingly few desquamated cells. 
Arenas and Sammartino (11) believe that the epithelium of the vestibule 
does not serve as a means for recognizing phases of the estrous cycle. 
Mucosa in the vestibule and vagina increases in sensitivity during pro- 
estrus and estrus. H}pertropIiy of lymphocytic follicles and nodules 
may be seen grossly within the vestibule as miliary stippling. 

3. Vaginal Smear 

Evans and Cole (37), using a large number of dogs, found charac- 
teristic elements in vaginal smears which coincided both with the t'\- 
Icrnal signs of estrus and morphological changes of the genital tract 
throughout the cstroiu* cj'clo. Tlicsc obscrv'alions have been confirmed 
by Ollier investigators (^5, 47). However, Pap.-iniixilaou and Blau (79) 
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normal vircin hcagics maintained in onr kennel have not 
■ Therefore, the authors feel 


!ir.!cal siens resembling pregnane)' . 

... term inetcstnis should he rcsen-ed for the luteal phase of the 
■J'mr. cvcle when clinical svmploms rcscmhling pregnane}' arc not 
evident. On the other hand, the terms pseudo- or ph.antom pregnane} 
sho.dd he used to denote symptoms of pregnancy in the ahscnce o 
conception; '.uid pseudoevesis, its c.\aggcratcd form. 

nie diversity of symptoms cvhihitcd in pscudoprcgnancy and pseuuo- 
eyesis is explained hy the phenomena of spontaneous co^ora lutca 
formation and c.xtendcd function (6S). During the 5th week following 
cstnis, pseudopregnancy may be recognized by an increased wicli o 
the uterine cornu, wbicb may be detected upon abdominal pa pa Jon 
(47). Visible symptoms of pscudoprcgnancy, wbetber mild or severe, 
include the gradvial deposition of abdominal fat, and mammary devc op 
ment followed by nervousness, panting, and nesting between the 6 t \ 
and 70tb day (87). In severe cases (pseudoc)'Csis), the dog may sbo" 
“motherly instincts” such as, refusal of food, protection of inanimate 
objects, or the adoption of foster young. If allowed to suckle, lactation 
may continue for several weeks (60). The formation of colostrum has 
not been observed in eases of pseudocyesis brought to the attention ol 
the senior author. In chronic eases, the only recommended treatment for 
this condition is spaying (60). 

During metestrus most dogs show a chocolate-colored vaginal 
drainage and a flabby, enlarged vulva. Most, but not all dogs, exhibit 
“slight” but palpable mammary development for 6 to 10 weeks following 


estrus, while in pseudopregnancy full lactation may occur. 

In bred females, corpora lutea retain functional activity until mid- 
gestation, followed by slow regression (24, 69). Pregnane)’ may be 
diagnosed by palpation on the 30th day, but not with any degree of 
accuracy in all cases until the 40th day (61). Neither vaginal smears 
(37, 47, 63) nor urine pregnancy tests, as applied to women (53), 
reliable indices for diagnosing pregnancy in the dog. The dam does 
not show behavior characteristic of pregnancy until late gestation (10)- 
Therefore, there is a diagnostic problem in differentiating betw’een 
pseudopregnancy and pregnancy, mitney (108) cited several cases 
in which pregnancy was terminated by resorption of fetuses and symp- 
toms of pseudopregnancy intervened. 


Tlie following discussion concerns the anatomical changes related to 
corpus luteum function and recession, which occur in the genital tract 
of the bitch during the luteal phase. Arenas and Sammartino (11) de- 
scribe corpus luteum formation beginning shortlv before ovulation. After 
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the spontaneous release of ova, secondary folds of granulosa with papil- 
lary branching penetrate into and fill tlie follicle cavity. During this 
process, the granulosa shows vacuolization and accumulation of lipid 
droplets; lipids are first seen in the peripherally located cells. These 
luteinized cells are round or polygonal in shape, containing fine cyto- 
plasmic droplets rich in lipids. Theca luteal cells may appear as islets 
surrounding the corpora. According to Arenas and Sammartino (11), 
in the dog, the theca interna does not contribute to corpus luteum forma- 
tion to the extent found in other species, e.g., man. 

The mature corpus luteum is 5 to 6 mm. in diameter, having the 
gross appearance of a compact reddish-yellow nodule. Histologically, it 
appears as a solid or nearly solid mass of luteal cells separated into 
ill-defined lobules by collagenous connective tissue and capillaries; it is 
surrounded by loose stromal elements and congested blood vessels. Ac- 
cording to Mulligan (75), corpus luteum formation is completed by the 
13th day of metestrus. Atrophy or regression occurs slowly, being 
characterized by fatty degeneration, nuclear changes, and a decrease in 
cellular volume (11). According to Evans and Cole (37), regression of 
corpora lutea was recognized on tlie 20tli day, and the genital tract 
slowly began in\’olution to the quiescent state cliaracteristic of anestriis; 
this process required 80 to 90 days from the time of last acceptance. 
Actually, morphological c\'idence of regression first becomes discernible 
in the endometrium before it can be recognized in the corpora lutea 
(11). Luteal islets can often be found in the ovaty on succeeding 
estrous periods. 

In clinical pseudopregnancy, visible mammary development may 
vary from slight to that of full lactation. The average dog has 8 to 10 
mammary glands located in double rows, often asymmetrically, along 
the ventral thorax and abdomen (23). Until puberty, each gland consists 
of rudimentary ducts of epithelial cords with or without lamina (103). 
At puberty, this simple branched hibular gland grows into a compound 
alveolar gland. By 30 days, growth of the manimaiy tree is complete 
(105). Turner and Gomez (105) have compared mamniarj' develop- 
ment in both nonbred and bred dogs; in both instances, alveolar secre- 
tion was beginning by the 40th day following cstriis. In the nonpreguant 
dog, alveolar secretion did not occur to the extent found in the preguant 
dog; however, intense lactation could be induced in the virgin dog 
by injections of prolactin. In a report on pseiidoprcgnancy in the dog, 
He.tpo (52) also mentioned the phenomena of milk s<‘cretion in the 
mule and virgin donkey, and noted that the mammarx* glands in vonu'ii 
began developing prior to tlie menstntal period. 



^ c, and rLOJsn wocm.N 


■ . - t parenchymal elements of tlic mammar)’ gland occurs 
■ 1 Hi* faahioii after the fertile and nonfertile cycle. Bred females 
it.pi.r.' : icw days longer than nonbred, the difference in lime requirerl 
being llic degree of functional activity reached. In melestrus, mammar)’ 
secretion is represented by a slight amount of serous fluid. In pseudo- 
pregnancy, secretion ainsisls of inilkliWe products. This is accentuated 
in psemlocys^sis when nursing is possible. In pregnancy, mammary' de- 
velopment and colostrum formation arc at their height. 


IV. pACTons iNFLUHNaxc run Esniou.s Cveu: 

A. Environment 

Although environmental factors apparently have little or no effect on 
the estrous cycle of the dog, it has long l>een known that the incidence 
of estrus increases at certain times of llic year. \Vc shall, therefore, in- 
clude in this discussion some exogenous forces which may influence 
the rhy'thm of the estrous cycle. 


1. Season 

Tlie wild dog (Coni^ azaroe) mates only in winter (69). Domestic 
dogs may breed at any time of the year, but the frequency of estrus has 
a bimodal pattern (13), l.c., most dogs come into’ estrus during early 
Nvinter and late spring (47, 69, 82, 100). Ilcape (51) obserx'cd that 
winter estrus in certain breeds was of shorter duration tlian summer 
estrus. Engle (35), on examining breeding records of a large number 
of Pekingese, Cocker Spaniels, Setters, and Great Danes, found no sig- 
geographical variation, but, as pointed out by Laing 
(61), this could have been influenced by breeders attempting to meet 
the most popular times for sales. Our kennel records from some 400 
temale beagles confirm the year-round occurrence of estrus, with greater 
frequencies during early winter and late spring. Apparently the amount 
of ,ght recewed is not a factor, since solar enerj^- is lowest in tvinler 
seLns is high at holh 


2. Nutrition 

aln^ton'^'fv' ‘"fnM been given little 

taaTi to aid ^ V ‘ V ''=P™‘>“'^lion is affected by both 

That otialitv r,f iKo 1' V • ^ or a cause of reproductive failure, 

performance is dLs important for normal reproductive 

perfomnance .s dtsenssed rn Chapters 3 and 22. Contaminated or 
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adulterated feed may possibly affect the estrous cycle, as has been 
sho^vn by progressive and irreversible infertility in a colony of guinea 
pigs fed on an estrogen contaminated ration (113) 

3 Ecology 

From time to time, breeders have expressed the view tliat one dog 
m season causes otliers to come into heat The authors have not found 
any information to corroborate this concept, on the contrary, our ex- 
perience suggests tliat this is not the case Over a 5-year period, observa- 
tions of some 400 female beagles kept m large, outside runs as paired 
mates in no way indicated tliat direct contact influenced the occurrence 
of estrus In our observahon, the onset of normal estrus can only be 
explained on an individual basis, i e , tlie inherent regulatory mechanism 
controls the monestrous cycle in dogs rather than social factors 

4 X-Irrachation 

^^Tlole-body X-irradtaUon (250 kvp, 30 ma) of 100 r and 300 r ad- 
ministered to beagles at puberty did not significantly alter the estrous 
interval (3, 8) Since X- and gamma rays are similar in biological effect 
(RBE = 1), it may be concluded that female dogs surviving lethal and 
sublethal uliole-body exposure by either ray may not be seriously 
affected as concerns tlie periodicit)' of estrus 

B Physiology 

During the first three decades of the century, when the role of tlie 
ovary as an organ of internal secretion became established, tlie analogy 
between proestrous bleeding m the dog and menstruation in primates 
was of great interest In 1906, Marshall and Jolly (69), as a result of 
exponments in the bitch, concluded “The ovary is an organ providing 
an internal secretion which is elaborated by the follicular epithelial cells 
or b) the interstitial cells of the stroma Tins secretion circulating in the 
blood induces menstruation and heat After ovulation, which takes place 
dunng estrus, the corpus luteum is formed, and this organ proNidos 
further secretion whose function is essential for the changes taking 
place dunng the attachment and development of the cmbiyo in the 
first stages of pregnancy” Although tins concept of o\arian function 
proved to be basically correct, proestrous bleeding and menstruation 
were subsequently shown to be unrelated phenomena (38, 72, SS). 
Since tins lime, the dog has been largely neglected as an experimental 
nmmal for the stud) of the plijsiolog) of reproduction Tlie voluminous 
literature responsible for prcscnl-dav know ledge of the tndocrinc control 
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.. , , (,a 1 . airaprised cliicfly of experimental work > 

„ , ,.,i , a 1,1, ort estrous eycle and domestie animals 

p^nnnr>rM5vMv Vm\c aiiantUalivc tlata arc available on inc 


Comparatively little quantitative data arc avmia m ^ 
dog. The following section reviews reported elTects of extirpation 
endocrine glands, replacement therapy, and hormone injections on 
reproductive system in the hitch. 

I. Htjpophtjscclomy, Ocaricciomtj, Adremlcctonuj 
Tlie results of hypophyscctomy on the genital system 
have been reported by a number of investigators (12. 17, 18, -h, J-;- 
These reports were reviewed by Arenas and Sammartino, and Ibeir ow 
observations on postoperative changes in the mature animal were c 
scribed in some detail. Hypophyscctomy of immature fcinalc dogs re- 
sults in cessation of growtli and failure of sexual maturity. In sne i 
animals, the ovaries arc small and hypoplastic; the uterus remains m 
fantile, and secondary sex characters do not appear. After hypo 
physectomy of mature females, the degree of atrophy obscrv'cd varies 
according to the time elapsed and the phase of the cycle when the 
operation was performed. Follicles attain a maximum size of 0.5 mm. 
Regressing corpora lutea may persist, in some cases, until the 40th day* 
and the anovular medullary cords have almost completely atrophied 
by the 75th day. Uterine involution resembles the physiological process, 
but compared with the anestrous uterus, a marked reduction in size 
becomes evident by the 80th day. Hypophyscctomy of the pregnant 
bitch at any stage of gestation results in abortion ( 12, 17, 18, 54 ) . 

Reports concerning section of the pituitary stalk in the dog have 
varied from cessation of sexual function to that of no effect. However, 


it has been demonstrated in other animals that if the vascular connec- 
tion between the hypothalamus and the anterior pituitary is left intact, 
or regeneration occurs, pituitary function is not impaired. Tliis may 
explain the conflicting results following transection of the pituitary stalk 
in the dog (48). 

According to Arenas and Sammartino (11), ovariectomy in the 
immature bitch results in no appreciable regressive changes in the 
uterus. Mature females, spayed during anestrus, show a thinning and 
flattening of the uterus. Ovariectomy during estrus is characterized by 
an intense shrinking of the endometrium and myometrium and during 
pscudopregnancy by an abrupt collapse of the endometrial folds. These 
changes arc completed by 28 days. The pregnant bitch may be ovariec- 
tomized during the latter half of gestation without causing abortion 
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Bitches adrenalectomized during ^Tieat” (83, 90) or during pregnancy 
(89) surs'ive longer than those adrenalectomized during anestrus, pre- 
sumably due to the salt- and water-retaining effects of the sex steroids 
(101, 102). The effective agent for survival is probably progesterone 
secreted during metestrus or gestation (80). 

2. Replacement Therapy 

a. Gonadotropins. Several anterior-pituitary gonadotropic prepara- 
tions have been used for replacement therapy after hypophysectomy. 
However, hormonal requirements for a specific gonadotropic effect; i.e., 
follicular maturation, estrogen production, ovulation, or corpora lutea 
formation and function have not been established. Daily injections of 
rabbit pituitary gland in a hypophysectomized puppy caused vulva 
swelling in 48 hours and acceptance of the male after 18 days; estrus 
persisted throughout 4 months of injection (85). Mature hypophysec- 
tomized females injected daily with an alkaline extract of bovine pitui- 
tary gland showed large numbers of follicles about 1 mm. in size and a 
uterine response equivalent to full proestrus (11). “Genital turgescence” 
but not heat was obtained in mature hypophysectomized bitches witli 
commercial sheep and beef anterior pituitary gland e.xtracts (44). Pre- 
sumably, the doses employed were too small to provoke more than a 
minimal ovarian response. Chorionic gonadotropin has been shown to 
be ineffective in stimulating the genital system of hypophysectomized 
puppies. However, a combination of chorionic gonadotropin and a 
hypophyseal extract low in gonadotropic potency acted synerglsflcal/y to 
activate the ovary (37a). In a dog with a well-developed mammary 
tree, copious lactation was induced with a crude prolactin preparation 
one week posthypophysectomy (67). 

b. Ovarian Hormones. Ovaries from normal dogs in estrus, grafted 
into the groin, peritoneal cavity, or abdominal muscles, induce estrus in 
spayed recipients (69). Proeslrous bleeding and mating can be obtained 
in castrate females with estrogenic hormones (58, 62, 72, 88). Kiindc 
ct al. (58) injected female dogs, 18 days following spaying, with estrogen 
prepared from human pregnancy urine. Doses of 100 R.U. (rat units) 

( Allon-Doisy) daily for 3 day.s and 200 R.U. daily thereafter, produced 
vulva swelling on the 4th day, bleeding on the 6th day, and acceptance 
of the male on the 7th day. Similar results arc obtained in li}popI)ysec- 
tomized dogs (88). The minimal effective dose for procstrous changes 
in the uterus was found to be 200 I.U. of estrogen per day (11). 

Arenas and Sammartino (11) sUidietl the action of progcstcrrine on 
the estrogcn-prinicd utenis in castrate hitches. Tlicy concluded that a 
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combination of estrogen with progesterone ^volJld be nccessar)' to simu- 
late changes occurring during the luteal phase of the cycle, but were 
unable to arrive at the optimum combination to produce this effect 
Presumably progesterone is also ncccssar)' to obtain mammaiy' growth, 
since glandular proliferation docs not occur in castrate bitches after 
administration of estrogen (105). 

Whitney (110, 111) reported tliat when both recipient and donor 
were in proestrus or cstrus at the lime of operation, ovaries from one 
breed of dog were successfully grafted into the ovarian bursa of an- 
other, and that normal cstrous cycles resulted in the recipient. Cyclic 
beha\’ior characteristic of the donor was resumed. Ovaries transplanted 
from an aged bitch into a young recipient showed a reversal of aging 
phenomena. Successful breeding was reported in one case in which 
the proper anatomical relationships were maintained, specifically, a 
patent bursal slit (Section III, C). 

3. Hormone Injection in the Intact Animal 

a. Pituitary Gonadotropins. Activation of the ovary of the intact 
bitch during anestrus with several t)'pes of gonadotropins of pituitary 
origin has been reported. Ovarian response to wljole anterior pituitary 
gland extracts varies according to potency in the separate gonadotropic 
fractions, dose, and length of injection. Results have varied from pro- 
estrus bleeding (44, 72), follicle growth, and proestrus development 
of the uterus and vagina (11), to Ae induction of heat, ovulation, and 
copulation resulting in pregnancy (66). 

Estrous cycles of normal duration and intensity can be induced 
in the aneslrous bitch with extracts of menopausal urine (62, 99). 
Leathern (62) reported that the injection of 75 R.U. per day of “gamone” 
into mature anestrous dogs until proestrous bleeding or mating was in- 
duced caused extensive follicular stimulation, followed by corpora lutea 
formation and uterine changes t)pical of metestrus; ovulation did not 
occur. The additional injection of 500 R.U. of chorionic gonadotropin 
(“follutein”) on the 1st day of estrus resulted in ovulation in 1 out of 3 
cases. Proestrous bleeding and mating were induced in an immature 
dog, but comparatively fe^v mature follicles were observed in the 
ovaries. Comparable results in mature animals were obtained \\'ith 
extracts of normal human male urine (63). Copious lactation can be 
induced in the bitch during metestrus with prolactin preparations (67, 
105). 

b. Placental Gonadotropins. Equine gonadotropin (Px\fS) and 
chorionic gonadotropin (HCG), are widely used therapeutically in 
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vetennar)' medicine for tlie treatment of o\"arian dysfunction (87) PMS 
IS used pnncipally for follicle-stimulating activity, but can induce a com- 
plete estrous cycle, including ovulation, in most species HCG is gen- 
erally used to induce ovulation and as a luteinizing hormone In some 
species, however, it acts synergistically with endogenous gonadotropins 
to induce an estrous cycle in immature or anestrous animals “Heat” and 
mating have been reported m anestrous bitches after injection of PMS 
(44, 47b, 93) For treatment of sterility, HCG is usually added to ensure 
ovulation (20, 28, 93) Scorgie (93) reported the successful treatment of 
“sterility due to functional causes” in bitches of a number of breeds 
b) tlie injection of a single dose of 187 M U (mouse units) PMS (“an- 
tostab' ) and 50 M U HCG ("phytostab”) However, since PMS alone 
IS effective for the treatment of sterility in other domestic animals (87), 
it probably would be equally so m the bitch at the proper dose levels 
“Heat” has been produced in anestrous bitches by injection of HCG, 
but a normal estrous cycle did not result (63a) Daily injections were 
guen until acceptance of the male, however, neither ovulation or metes- 
trus followed nor did the vaginal smears or endometnum duplicate pro- 
estrous changes during the normal cycle 

c Sex Steroid Hormones Tlie action of the sex steroid hormones 
in the intact animal is extremely variable and is largely dependent on the 
ph) siological state at tlie time of injection and tlie dose level given In 
addition to theu: effect on the secretion of tlie gonadotropic hormones 
from the pituitary gland, tliey may act either synergistically or antagonis- 
tically witli each otlier to produce a given effect Estrogens, injected at 
'physiological” or pituitary stimulating levels, can incite an estrous 
cycle in mature anestrous animals Intramuscular injections of stil- 
bestrol dipropionate in ascending doses from 005 to 05 mg at intervals 
of 4-5 days until vulva-swelhng or bleeding appears have been found 
to induce a complete estrous cycle and ovulation in anestrous, parous, 
and nulhparous bitches Kesults were much less reliable in maidens 
(47) 

It IS well established that the daily injection of estrogens will pro- 
duce stimulation of tlie external genitalia, proestrous bleeding, and mat- 
ing in anestrous and castrate bitches (58, 62) The minimal dose for 
proestrous changes in tlie endometnum is apparently 200 I U (11) At 
these dose levels, inhibition of release of FSH from the pituitary gland 
occurs The ovarj' either is not affected, retaining the anestrous ap 
pearance (11, 14, 41, 62), or after long periods of injection ma) show 
signs of atrophy Kunde ct al (59) reported a decrease in sue of the 
o^ancs and an arrest in development of follicles m immature females 
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receiving 400 R.U. of estrogen per day for 6 weeks and a decrease in 
size of the anterior pituitar)’ gland in 1 animal injected for 17 weeks. 
Estrogen therapy is recommended for the treatment of hypcrcstrinism 
in the bitch where In-pcractivity of the pituitary gland may be tlie 
causative factor (20, 87). 

Estrogens injected during the luteal phase of the cycle will cause 
uterine bleeding and degenerative changes in the endometrium (88). 
Thev are used for the treatment of psciidocyesis, daily injection of O.l-l.O 
mg. of diethylstilbesterol being the recommended dose (20). Large 
doses of estrogens will prevent conception or cause abortion (25, 55, 87). 

Lactation has been ohser\’cd in female dogs injected during anestrus 
with estrogens at levels causing procstrous uterine changes ( 14, 59); pre- 
sumably' release of prolactin from the pituitary gland was induced. 
Inhibition of lactation during pseudopregnancy or after parturition can 
be obtained with estrogens or with testosterone (20). Possibly the 
diametrically opposite effects of estrogen on lactations can be explained 
on the basis of the amount administered. Bratt and Burch (25) reported 
reduction in size of the mammary' gland and suppression of lactation 
24-48 hours after injection of 25 mg. of an “implant” type testosterone 
preparation. 

Progesterone in doses of 10 to 50 mg. per day has been recommended 
to counteract the endometrial and vaginal changes during hyper- 
estrinism. Doses of 5-25 mg. several times a week are recommended for 
maintenance of the uterus in cases of abortion due to faulty corpora 
lulea formation or function. Progesterone given during proestrus will 
delay estriis in bitches for as Jong as the treatment is continued. .Murray 
and Eden (77) recommend a dose of 1 to 1.5 mg./lb. of body’ weight 
of “repositoF progesterone repeated at 2-3-week intervals, 

C. Pathology 

This section deals with pathological conditions or states related to 
the estrous cy’cle of the dog. There is a problem, not in the recognition 
of a pathological condition, but in determining the narrow threshold 
between the normal and the abnormal. For detailed accounts, the reader 
is referred to texts dealing with the pathology of the reproductive sys- 
tem (21, 63, 76, 87, 96). 

Estrus without bleeding, false heat, polyestrus, prolonged estrus, and 
prolonged anestrus arc no doubt due to endocrine imbalance. The bitch 
in estrus without visible signs of bleeding accepts the male, usually' un- 
expectedly, and conception almost in\’ariably fol!o%vs. Cases of this 
type brought to the attention of the senior author did not show the 
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usual enlargement of the vulva, but the female accepted the male with- 
out objection False heat^ or a “split” estrous cycle, is commonly seen m 
females approaching puberty and has been observed in older dogs at 
periodic intervals between true estrous cycles Dogs in false heat show' 
vulvar swelling and sanguineous discharge without desire to accept the 
male False heat usually continues for 3 to 5 days, then subsides until 
the advent of true estrus Pohjestnis is rare in the dog ^^^hen it does 
occur, the short intervals between estrus may persist for years The 
bitch will accept the male, but matings are infertile In our kennel, a 
female was bred everj' 3 to d weeks over a 2-year period before she 
finally concened She subsequently weaned a litter and resumed a 
normal estrous rhythm Females in prolonged estrus accept tlie male 
for a penod of 15 to 30 days Hancock and Rowlands (47) obsen'ed 
that fertility decreases progressively when the female accepts tlie male 
beyond 10 days Prolonged anestrus may continue for years, in our ex- 
perience, tins condition is most frequently seen in obese dogs 

Some of the more common abnormalities in the dog are pseudo- 
pregnancy and pseudocyesis, wbich are probably forerunners of endo 
metritis, pyometra, or mammary tumors It will be recalled (Seefaon 
III, D) that most dogs in metestrus do not show visible signs charac- 
teristic of pregnancy, also, atrophy' of tlie endometrium could be recog- 
nized before corpora lutea regression (11) On the otlier hand, clinical 
pseudopregnancy is characterized by endometrial hy'perplasia and mam 
mary development (60) Necropsies of pseudopregnant dogs show the 
uterus filled with a milky fluid (39) Apparently, tlie accumulation of 
uterine fluid and the failure of the cerv'ical canal to reduce m size create 
conditions favorable for uterine infection Although experimental evi- 
dence is lacking, it IS generally beliexed that bacteria from the vagina 
enter the uterus and cause endometritis Leibold (64) isolated pyogenic 
bacteria from the external os, and Demmel and Witzigmann (30) 
demonstrated that saphrophytic bacteria from the vagina w'ere capable 
of causing uterine infection Once infection has been established, the 
condition may become chronic and result in sterility In cases of low- 
grade endometritis, estrus — ^whether spontaneous or induced — may elimi- 
nate the infection Some nonsuppurative conditions of the uterus (endo 
metrial hyperplasia) are characterized by innumerable endometrial cysts 
containing a clear or pale yellow, watery fluid (21) Pyometra, an ac- 
cumulation of suppurative products (31, 9S), probably results either 
directly or indirectly from ovarian dysfunction (36, 73) 

It is well known that mammary neoplasms are commonlv found in 
virgin dogs Riser (S6) studied a lirge number of mammiry tumors 
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in nulliparous dogs and, almost without exception, they were observed 
in dogs which had frequently shown clinical signs of pseudopregnancy. 
In his study, mammar)’ tumors accounted for 30.8^ of all tumors ob- 
served. From 266 tumors of the genital tract examined by Cotchin (29), 
222, or 837o, were found in the mammary gland. Tlie frequency of 
mammar)’ tumors increases in dogs above 5 years of age. A correlation 
also exists between irregularities in the estrous cycle and the incidence 
of tumors (21). 

V. Breeding, Whelping, Lactation, and Puppy Produchon 

The objective or purpose of estrus is to reproduce the species. In 
the dog, mating or breeding is somewhat unique, since approximately 
20 minutes is required to complete the act During pelvic thrust, erectile 
tissue (bulbus glandis) of the penis enlarges within tlie vagina resulting 
in a “tie” or “coital-lock.” ^Vhen “coital-lock” has been achieved, the 
male dismounts and faces away from the female while ejaculation 
continues. Semen averaging about 9.5 ml. in volume (pH 6.75) 
is released in three fractions; (I) waterylike fluid; (2) viscid, white 
fluid containing sperm; and finally, (3) a larger volume (3-30 ml.) of 
prostatic secretion ( 49 ). The third fraction requires the longest time 
(average, 15 minutes) to be ejaculated; this secretion is slightly basic 
(pH 7.20) and apparently activates spermatozoa (49). Density of 
spermatozoa ranges from 62 to 640 thousand per microliter (average = 
275,000 pi.), with 4.8% abnormal sperm and dead sperm not e.xceeding 
( 47 ) . Sperm can survive 82 ± 12 hours within the female genital 
tract (45). Griffiths and Amoroso (45) express the opinion that restraint 
of the female for purpose of copulation seriously reduced fertility by 
interfering with reflex stimulation of the genital tract. 

Fertility in the dog is usually high. Among mongrel dogs a 90% 
fertility can be expected (40). Rowlands (91), using purebreds, ob- 
served 60% conception after 1 mating, 87% after 2 matings and 100% 
conception following 2 matings at 48-hour intervals during the first 4 
days of estrus. In beagles, we found 91% conception when females 
were bred twice on alternate days from the onset of estrus. 

Tl^e number of fetuses varies between 1 and 15, or more, depending 
upon the breed and individual. The number of young per litter is not 
dependent upon polyovular follicles in this species (50, 57). Fecundity 
is apparently related to the inherent ability of the individual dog and 
proper time of breeding. Ectopic pregnancy is e.xtremely rare in the 
dog, although ovarian, bursal, and oviduct pregnancies have been re- 
ported (21), Fetal implantation occurs 18 to 20 days after mating (95). 
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Pregnancy can be accurately diagnosed by palpation during tlie 5th week 
of gestation (47) As the abdomen enlarges during late gestation, the 
teats become turgid and develop a bluish pigmentation Gestation 
normally ranges from 58 to 63 days (13, 33) Pearson and Pearson (82) 
obsen’ed tlie most probable whelping date was 61 41 ± 2 14 days after 
first mating, these authors could not explain variation in the lengtli of 
gestation by litter size, number of pregnancies, or by age of the dam 
Similar observations have been reported by Rowlands (91) 

The dam approaching term becomes restless, pants, and seeks a 
secluded spot for nesting Once definite signs of labor are evident, tlie 
female rarely changes the selected site for delivery Labor is charac- 
terized by rhythmic uterine and abdominal contractions and the periodic 
exypulsion of a fetus Pups are normally dehvered in a definite pattern, 

1 e , during whelping, the dam moves around the perimeter of her nest, 
stopping only to free tlie newborn pup from fetal membranes which 
she usually ingests Most dams complete whelping 3 to 6 hours from 
the onset of labor (2, 97, 114) 

The delivered pup immediately seeks the udder for nursing The 
dam’s milk contains about twice the total sohd content of cow s milk 
It IS especially high m albumin (45%) and fat (90%) (27) Litters 
are usually weaned when the pups are 5 to 7 weeks of age The success- 
ful raismg of the pup to weaning age, largely the concern of the dam, 
has been discussed elsewhere (2) It is during the transitional stages 
occurnng at birth and again at weaning tliat puppy losses are greatest 
The 3 year old dam excels in reproductive performance, apparently, at 
this age she is at her prime Until the litter is successfully weaned, one 
third of all puppies whelped may be expected to succumb from any one 
of several causes (2, 91) 
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Most investigations on fertilization and associated phenomena 
mammals have been made in the laboratory animals. The rodent ej 
in particular, lend themselves well to detailed microscopic study wl 
still alive, a propert)' not shared hy the eggs of domestic animals. 2 
reasonably comprehensive account of present-day knowledge must thi 
fore be based chiefly on what is known of laboratory' animals. The coi 
of events in maturation, fertilization, and the first cleavage of the 
is accordingly illustrated in this chapter by a series of diagrams dr£ 
from obser\'ations on lunng rat eggs. Differences between rats and ol 
animals are described when they are known and considered to be 
sufficient importance. In wTiting this account, however, particular ati 
tion has been gi\’en to setting down the available data for dome 
animals; where the text deals only with laboratory or nondomestic : 
mals, it is because the equivalent information for domestic animal 
lacking or seems unreliable. 

Fuller details of subjects discussed in this chapter and more exten 
lists of references are to be found in recent reviews (3, 4, 16, 17, 
23, 35, 49, 61). 

I. Matuiutiox, On'ulahon, and Transport of Eggs 

The eggs or ova develop in the ovary in Craofion follicles (se< 
1), which project as vesicular objects above the surface of the o\ 
in the later stages of their growth. Before fertilization can take pi 
the egg must undergo a process of maturation or ripening. The reh 
of the egg from the follicle— ociitotion—occurs before, during, or a 
maturation, according to the species of mammal concerned. After ov 
tion, tlie egg is rapidly transferred to the Fallopian tube where, in 
groat majority of animals, fertilization begins. 

A. Strticiurc of Follicle and Oocyte 

Wlien near full development, the follicle consists of an outer ' 
made up of two layers, the ihcca externa and tlic theca interna, li 
internally by a broad zone of follicle cells, the membrana granulosa, 
containing a cavity or antrum filled with a quantity of free fluid. 
liquor foUiculi TIjc egg, kmown at this stage as a primary odeyU 
eml)cddcd in a part of the membrana granulosa that projects into 
liquor folliculi and is referrctl to as the cumulus oophorus. Tlie prin 
oixryte (Figs. 1 and 2a) consists of a mass of cytoplasm, tlie cite 
which is limited hy a cell memWane, the vitelline 'membrane, and do 
in^’fstod hy a llitck transparent membrane, llic zona pcUucida. As 
zona i>ellucida and the vitclliis arc in contact with cadi other the sj 
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between them, the perwitelUne space, is at tliis stage potential rathei 
tlian real. Fine processes from certain of the immediately surrounding 
follicle cells traverse the zona pellucida and unite with tlie surface ol 
the vitellus— they are thought to represent the means whereby the egg is 
nourished. Observations on the oocytes of Idttens provide actual evi- 
dence that tlie transport of fats, and presumably of other nutrients also, 
is effected by these "nurse cells"' (65). Somewhat eccentrically placed 
in the vitellus is the large spherical nucleus, the germinal vesicle, con- 
taining one or more nucleoli. The eggs of the placental mammals do not 



Tic. 1. The primary oocyte. Section of a large ovanan follicle in Uic cat, show- 
ing a piimar)' oocyte. C o. = cumulus ooplionis, Gv. =: germinal \esiclc, Vit. = 
Mtellus, Zp =: 7ona pclKicida Magnification; X 200. (Section by courtesy of 
E C. Amoroso ) 

differ much in size, in the majority'^ of species, including the domestic 
animals and the rabbit, the over-all diameter of the egg is around 120- 
ISO n. ( 1 {I = lO'^^mm. ). Rodent eggs vary' between 75-100 |x in diameter. 

B, ^laturation of the Oocyte 

Maturation chiefly involves nuclear structures. The germinal vesicle 
nio^cs toward the surface of the egg. the nuclear membrane and nucleoli 
disappear, and the chromosomes condense into a compact and more 
easily demonstrable fonn (Fig. 2). Tlio chromosomes then undergo h\o 
dinsions. the point of spcci.d significance is that throiigli these divisions 
the number of chromosomes originally present, the diploid number, is 
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reduced to half, the haphid number-a condition that characterizes t le 
mature germ cells of both sexes. At each division, chromosomes are 
reiected from the vitelhis in small masses of cytoplasm known as polar 
bodies. These chromosome divisions arc referred to as reduction, mcwtic, 
or polar divisions-, it is the reduction in chromosome number that dis- 
tinguishes the meiotic division from the mitotic division, which takes 
place when the fertilized egg or somatic cells divide. [For further in- 
formation on meiosis see De Rohertis ct ai. (26).] After the forma 
tion or abstriction of the first polar body, the egg is known as a secondary 
oocyte, and after the second polar body, as an ootid. 




Flc. 2. Maturation of the rat oocyte — condensation of chromosomes, 
vesicle (G.v.) moves to the periphery, its structural details become vague and fina y 
vanish. Chromosomes condense and gather together in the prophase of the rs 
meiosis, Vit. = vitellus, Z.p. = zona pellucida. 


Both reduction divisions take place in broadly the same way. Meiosis 
proceeds from prophase, through metaphase and anaphase, to teJopha^ 
(Figs. 3, 4 and 5). In the later stages, a narrow granular zone, the 
central body, forms in the middle of the spindle. The spindle then 
rotates about one pole through roughly 90°, and, as this happens, a del 
develops in the surface of the vitellus and passes inward in the wake ot 
the central body. The cleft eventually extends completely around the 
chromosome group at the pole of the spindle, thus cutting off a small 
mass of cytoplasm. Sometimes the chromosomes in the first polar body 
also undergo a second meiotic division and then the polar body itseu 
may divide in t\vo. In this way a total of three polar bodies may 
eventually be formed— a common occurrence in many invertebrate ani- 
mals, but rare in mammals. Often the first polar body in the mammalian 
egg breaks up early, so that little or no sign of it may be seen after 
ovulation. 

Coincident with the abstriction of the first polar body, the vitellus 
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Fig. 3. Malwration of the rat oocyte — first polar dmsion. (a), (b), and ((j)* 
Diagrams showing the first meiolic spindle (Isl M.) in metaphase, anaphase, and 
telophase, respectively, (d) and (e): Rotation of the spindle and development of 
tlie cytoplasmic fissure, (f): Abstriclion of flie first polar body (Pb. 1.) is com- 
pleted. The N-itellus has shrunk slightly so that Uiere is now a more distinct peri- 
vitelline sp.'ice. (g); State of the egg at ovulation: the second meiotic spindle (2nd 
M.) is in metnphase, and the first polar body is usually lacking owing to its early 
degeneration. 



0 b c 

Fic. 4. Spermatozoon entry' into the rat egg. (a): Spermatozoon has become 
attached to the surhacc of the zona pelhicida; the acrosomc is removed at or just 
before this event, (h): Spermatozoon head has passed through the zona pollucida 
and now adheres to the surface of the xalellus. As a result, the block to polyspemiy 
has been evoked (represented by ihickcnctl line limiting the A-ifelhis) .and Uic zoua 
reaction has begun (represented by shading of the zona pciincida). (c): Sperma- 
tozoon head lies for a while flat upon the \'itelUnc surface before being absorlxjJ 
into the \ilcnus. Zona reaction has Irar-clled further round the zona pelhicid.i. 
From Austin and Uisliop (4). 
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„r le-cot5 a slight shrinkage; as a result, a true though small penvitellme 
pace IS formed. A second contraction, accompanied by a farther enlarp- 
r- ent of the perivitelline space, occurs at about the time of abstriction 
ri ihe second polar body. 



Fio. 3. Maturation of the rat oocyte — second polar division — early fertilization, 
(a); As the spermatozoon head passes into the >1161105, the second meiosis proc^ 
to anaphase. In this and the other diagrams of this figure, the spermatozoon hca 
shown undergoing the initial phase of Its transformation into a male pronuc etis. 
(h): Meiosis in telophase, (c), (d), and (e); notation of the spindle and abstriction 
of the second polar body (Pb 2), From Austin and Bishop (4). 

C. Mechanism of OcuUition 

Shortly before ovulation, follicular growth passes through a terminal 
phase in which the volume increases at a rapidly accelerating rate anu 
which culminates in OMilation. A small elevation malces its appcamncc 
on the surface of the projecting follicle; soon its thin wall breaks down, 
leaving an aperture through which the follicular contents stream out. 
Emission of this material may \yc assistctl to a small degree by contrac- 
tion of the smooth muscle fibers of the theca externa, although generally 
the follicle undergoes little diminution in size. It is possible that a similar 
muscul.w contraction, aided by rapid secretion of liquor folliculi. m-ay 
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raise intrafollicular pressure before ovulation and that, as a result, the 
act of ovulation may occur explosively However, rupture under pressure 
IS almost certainly not the essential mechanism of follicular opening and, 
in most instances, ovulation is a gradual process, depending as much 
upon progressive changes in the structure of die follicle wall as upon the 
effect of internal pressure (19) When the egg leaves the follicle, it is 
still surrounded by the cumulus oophorus 

D Txme of Ooulatwn 

In general, ovulation occurs near the end of estrus, but the precise 
bme relation differs m different species Estrus in the mare lasts 7 da) s 
on die average, though it may be as short as 3 days or as long as 30 days, 
irrespective of length of estrus, ovulation mostly occurs 1 to 2 days before 
its close The time of ovulation in the cow is unusual— about 12 to 15 
hours after the end of the 18 hour estrus In other ruminants, die ene 
and the goat, die eggs are ovulated a few hours before the end of estrus, 
which lasts an average of 24 and 40 hours, respectively The sow’s eggs 
are ovulated about 36 hours after the start of die 40- to 60 hour estnis 
The bitch is another animal \Mth a prolonged estrus, lasting about 9 dajs, 
and, uniquely, omlation occurs on the 1st or 2nd day after die beginning 
of sexual receptivit)' In the cat (as in the ferret, rabbit, and a fen other 
species) ovulation is induced by tlie act of coitus Coitus in the cat may 
take place at any time during die 3-day estrus and is followed by o\niIa- 
tion 24 to 30 hours later (25) or, sometimes, 40 to 54 hours later (37) 

^lost mammahan eggs are oiu}ated when die second maturation 
dnision has reached metaphase (Fig 3g) In the dog and probably tlie 
horse, Iiowever, the egg is o\ulated as a pnmar)' ooc)te and passes 
through its maturation in the Fallopian tube 

L Passage of Eggs to the Site of Verfilizatton 

The site of fertilization in the domestic animals is in the ampulla of 
the Fallopian tube This is true for most mammals, tlie onK notable 
exceptions being the ferret and the short-tailed slircw, wherein fertiliza- 
tion is said to begin in die oianan bursa, and the tenrccs of Madagasc'ir, 
wherein spermatozoa enter the follicles .and penetrate tlie eggs before 
ONulation 

At oMil ilion, the egg and its cumulus oophorus are liberated onto 
the surface of the o\ar) and \cn shortl) pass into the infundibulum, 
the specnli/cd o\arnn end of the Fallopian tube Tlie means w lurch) 
this transfer is effected are not )et clearly understood Obsersations in 
the rabbit, m which the mfundibuhim is hrge and funnehshap(d, inch. 
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c.te that this structure plays an active role by "embracing” the ovary' at 
•he time of ovulation and taking up the eggs with a to-and-fro inove- 
ment (31). Cinematographic records prepared by R- J- 
that in the rat the eggs, suspended in the bursa fluid, drift ro 
ovan' into the opening of the infundibulum, which in this species i 
dilated. Presumably the drift is attributable to currents set up by tne 
action of cilia lining the internal surface of the Fallopian tube. oug 
ciliarv’ currents may assist the process in the domestic animals, e 
possession of funnel-shaped, fimbriated infundibula, particularly ) 
larger members of the group, suggests that the mechanism would mor 
closely resemble that described for the rabbit. Once within the Fallopian 
tube, contractions of the tubal wall probably play a part, but ci lar) 
currents may well be of chief importance, for the whole tube is line 
witli cilia and their beat is uniformly directed toward the uterus. 

Sometimes, an egg fails to pass into the Fallopian tube on its 
side and, by some means, traverses the peritoneal cavity and enters t e 
contralateral tube. This phenomenon is called external migration an 
has been reported in human subjects and the rabbit. 


F. Fertile Life of Eggs 

Precise data are difficult to obtain, but the indications are that the 
eggs of the domestic animals remain fully viable for 12 to 24 hours after 
ovulation and perhaps a little longer, except in the dog, in which t e 
fertile life of the egg probably exceeds 4 days and may possibly 
long as 8 days. Loss of viability is not sudden— aging eggs may be ab e 
to undergo apparently normal fertilization, but give rise to embryos tna 
die before birth. With further deterioration, fertilization becomes a 
normal or fails altogether. 


II. Transport of Spermatozoa 
A. Deposition of Semen 

At coitus, semen is passed into the female tract, but the volume of 
the ejaculate and the site of its deposition vary. In the horse, the ejacu- 
late amounts to about 75-150 ml. and the semen is projected into the 
cranial end of the vagina and through the relaxed cervical canal into 
the uterus. In the pig, the ejaculate is even more voluminous, being 
usually alwiit 125-500 ml.; it is slowly propelled through the vagina and 
cers’ix and into the uterus during the prolonged coitus. In the ox and 
sheep, the volumes of ejaculates arc about 5 and 1 ml., respectively, and 
the semen is deposited in the cranial part of the vagina and on the 
cers’ix. In the dog and cat the ejaculates measure about 7.0 and 0.5 ml-» 
respectively, and are deposited in the vagina. 
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B. Mechanism of Spermatozoon Tran^ort 

To varying degrees in different animals, transport of spermatozoa in 
tlie female tract occurs during coitus and while they are suspended in 
the seminal plasma. Admixture with the secretions of the female tract 
soon takes place, however, and as the spermatozoa approach the site of 
fertilization female secretions alone constitute the suspending medium. 

In the horse, it has been demonstrated that, as a result of the female 
orgasm, negative pressure develops in the uterine lumen (41); this would 
no doubt facilitate tlie rapid passage of semen into the uterus. In both 
horse and pig, the ejaculate has been found to pass as far as the utero- 
tubal junction (40). Radiopaque fluid, injected experimentally into the 
uterus of the estrous cow, has been observed to move rapidly to the 
uterotubal junction; when oxytocin was administered to simulate the 
effect of coitus, tlie fluid was found to enter tlie Fallopian tubes within 
minutes of its injection (50). 

These rapid movements of material within the uterine lumen are 
attributable to the contractions of the uterine wall. Tlie contractions are 
powerful during estrus and are strongly augmented when the orgasm is 
evoked (56, 57, 58); they have the effect of churning up the contents of 
the organ. Similar forces are brought to bear upon the spermatozoa when 
they reach the Fallopian tube. 

Thus, spermatozoa are transported, perhaps a little by their own 
motility, but very largely by the process of being passively mixed with 
the fluid contents of the tract. As a result, the distribution of spermatozoa 
in any one region tends to become progressively more uniform. Uni- 
formity of distribution throughout the entire tract, however, is not even 
remotely achieved because of the barriers presented by the cervix uteri, 
the uterotuhal junction, and the isthmus of the Fallopian tube. Conse- 
quently, where ejaculation is into the vagina, the concentration of sper- 
matozoa remains much higher in the vagina than in the uterus, and very 
much liigher than in the Fallopian lube. Tlie over-all effect is that very' 
small numbers of spermatozoa arc rapidly brought to the site of 
fertilization. 

C. I\atc of Spermatozoon Transport 

Transport of spermatozoa to tlie ampulla of the Fallopian tube is 
retnarkahly rapid; times of 15 minutes or loss have been reported for the 
co^^^ ewe, and hitch. In the cow, dead spennatozoa sscre transported as 
qiiickl}' as li\ing ones (59), wliich ser\*cs to emphasize the small coiitri- 
hiition tlial the cells* .swimming movements make toward their transport. 

Under normal circumstances, and sslierc full opportunil)- exists. cf)itus 
t.iles place early in the heal period, so tliat spermato/o.i re.ach the site 
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if-rtilization several hours before the eggs. The termination of the 
reriod of "^exual receptivity normally precludes the possibility of unduly 
.lehyed coitus and, consequently, the possibility that the eggs wou 
have to wait long for the spermatozoa to arrive. In the cat, coitus- 
mduced ovulation makes it even more certain that if conditions are 
normal spermatozoa will be at the site of fertilization well before t e 
eggs. With artificial insemination, however, unless due care is takem 
there is a risk that the natural time relations will be disturbed an 
fertility thus reduced. 


D. Numbers of Spermatozoa 

Average figures for the total number of spermatozoa in a single 
ejaculate may be given as follows: stallion, 6000 X 10®; bull, 3000 X ^0 , 
ram. 800 X 10’’: hoar, 20,000 X 10«; dog, 35,000 X lO" (2'?)^ 

800 X 10® (E. C. Amoroso, personal communication). These are 
enormous numbers and represent in each instance very many more 
spermatozoa dian are necessary for normal fertility. If, for example, an 
average bull ejaculate is suitably diluted and used for the artificial 
insemination of about 500 cows, the great majority of them are likely 
to become pregnant 

The numbers of spermatozoa reaching the more ovarian regions ot 
the tract progressively diminish; in the ewe, the average numbers in the 
uterus and Fallopian tubes some hours after mating were found to be 
only 76,000 and 6,500, respectively (62). The number at the actual site 
of fertilization is evidently less than 100 in the rat and mouse, and less 
than 1000 in the rabbit and ewe (3). 


E. Fertile Life of Spermatozoa 

In general, spermatozoa, like eggs, are incapable of retaining bill 
viability and fertility in the female tract for much longer than 24 hours. 
Tlie longest period in most animals has been found to be 2 to 3 days, 
although in the mare it may be as long as 5 days. A remarkable excep- 
tion to the general rule is showTi by some species of bats, in which coitus 
takes place in the autumn, and ovulation and fertilization do not occur 
until the following spring— an interval that may be as long as 5 months. 
Spermatozoa, like eggs, probably lose the ability to give rise to normal 
young before tlicy cease to be capable of taking part in fertilization. 

III. Ev-exts Leading to Fertilization 
A. Capacitation 

Tlie arrival of spermatozoa at the site of fertilization before the eggs 
suggests that spermatozoa arc not «ipable of participating in fertiliza- 
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tion immediately upon entering the female tract, but must reside there 
for a period to develop this capacity. In recent years, observations on 
rats and rabbits have consistently supported tliis idea (3). Briefly, tlie 
evidence shows that the spermatozoa are required to undergo some form 
of physiological preparation, referred to as capacifafion, witliin the fe- 
male tract to fit them for the task of penetrating the zona pellucida of the 
eggs. Capacitation appears to involve a change in the properties of the 
acrosome which leads to its detachment when the spermatozoon makes 
contact with the zona pellucida (5). (The term “acrosome” as used here 
is equivalent to “acrosomic system” in Volume II, Chapter 1.) Capacita- 
tion takes about 2 hours in the rat and 4 hours in the rabbit 

B. Meeting of Egg and Spermatozoon 

The spermatozoa of certain plants (ferns, mosses, etc.) are known to 
be attracted to the egg cells by chemical substances secreted by them 
or by neighboring cells (49). Attraction of the male gamete by the 
female in this way is an example of chemofaxis and undoubtedly aids in 
assuring their union. Despite numerous investigations on animal gametes, 
mainly tliose of invertebrate animals, no unequivocal evidence has yet 
been produced that cliemotaxis between eggs and spermatozoa operates 
in the animal kingdom. 

In mammals, the chances of the meeting of eggs and spermatozoa are 
the resultant of several interacting influences and conditions. Basically, 
they depend upon the speed of movement of the spermatozoa, the con- 
centration of spermatozoa about the eggs, and tlie surface area of the 
eggs. Concentration of spermatozoa can probably be taken as the chief 
variable. Available data suggest that the chances of fertilization are 
normally of the same order in all species: although more spermatozoa 
arc known to reach the site of fertilization in sheep and rabbits than in 
rats and mice, the former animals have much larger ampullae and con- 
sequently much more space for the spermatozoa to occupy. Actual esti- 
mates, based on several lines of eridence, have indeed shown tliat tlic 
chances are much tlie same in the rat and the rabbit (7). 

In those animals in wliich it persists, the cumulus mass about the 
eggs may well facilitate meeting of eggs and spermatozoa by p^o^'iding a 
larger target area, and the radially arranged follicle cells may liolp to 
orientate spermatozoa toward the egg. 

A special significance of the small number of spermatozoa at the site 
of fertilization deseix'cs emphasis. Tlic participation of more than one 
spenuato/oon in fertilization {palyspenny} is a patl)ologJC.jl occurrence 
in ni.unmak and almost certainly loads to early dcatli of the cmliiyo 



uo 


c. n. AUSTIN 


oee p. 417). A. cg^s themselves have imperfect, threat prchchon 
aU.hnst the i erretration of more than one spermatozoon, it is ""P“ ^ 
t the siirvLl of the species that the ehances of f'," 

■surpass a certain upper limit. It is, of course, cqna ) imp * * 

should not fall helmv a certain limit, if fertility is to he m-n.nm^ An 
essential function of the female genital tract is, T “tc of 

transport of spermatozoa in order that the number 
fertilization will be siitricicnt to provide good chances ^ 
alt eggs without being so targe as to cause serious risk of pol) sperm, . 

C. licaclion beluiccn FerliUzin mil Anlifcrlilizin 
It was shown many years ago by Lillie (3S) tbat. when sea ureddn 
spermatozoa are placed in sea water in which eggs have “ 

the spermatozoa are strongly agglutinated. This effect le 
an agent, which he called fertitizin, that diifiiscs from the tigS , 

surrounding medium. The constituent of the spermatozoon witli 
fertilizin reacts is termed anlifcrtilizin; it can readily bo “tracted 
the spermatozoa. Tlic fertilizin-antifertilizin reaction is bcheveU ‘ 
an important function in fertilization, in making possible the at ac 
of the spermatozoon to the egg, and also perhaps the subsequent pa . g 
o£ the spermatozoon into the egg. In addition, the species speci ci > ^ 
the reaction tends to prevent cross-fertilization by spermatozoa ot o 
species (55). , 

Recently, e^dence has been brought foi^vard to show that su 
stances analogous to fertilizin and antifertilizin exist in mammalian gc 
cells (15), Rabbit, mouse, bull, and human spermatozoa were ° 

be agglutinated in the presence of eggs, more especially (with t e r 
three species) when homologous eggs were used. It is suggested t a , a 
in invertebrates, the egg fertilizin reacts with the spermatozoon an i 
fertilizin, ensuring attachment of the spermatozoon and providing a 
mechanism for its penetration into the egg. 


IV. Fertilization 

Fertilization involves (a) the penetration of the spermatozoon into 
the egg; (b) the formation of a spermatozoon nucleus, the male promt 
chus, and an egg nucleus, the female pronuclens; (c) the growth an 
development of the pronuclei; (d) the replacement of the pronuclei > 
chromosome groups; and, finally, (e) the union of the two chromosome 
groups. The essential feature of fertilization lies in the mingling o 
paternal and maternal chromosomes: by this act, chromosomes from 
different sources are brought together to constitute the genetic matena 
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of the new individual and tiie diploid chromosome number is restored. 
In addition, there are two other consequences of spermatozoon entry: 
die egg is stimulated to development, i.e., it is activated, and through die 
medium of the spermatozoon tail, paternal cytoplasmic elements are 
contributed to the embryo. 

A. Spermatozoon Penetration through the Citmuhts Odphorus 

The eggs arrive in die Fallopian tube surrounded by the cumulus 
odphorus, which consists of a large number of follicle cells embedded 
in a jellylike matrix composed of a mucoprotein known as hijaliironic 
acid. Immediately about die egg, the cells are more densely packed 
and, particularly in dog, cat, and rabbit eggs, diis region presents a 
distinctive appearance and is often termed the corona radiata. At least 
some of the coronal cells evidently retain the direct attachment to the 
egg that they exhibited while in tlie follicle. In the mare, cow, and ewe, 
the cumulus breaks down early so that tubal eggs are generally re- 
covered with few or no follicle cells attached. 

The spermatozoon has been shown to carry an enzyme that is capable 
of dissolving hyaluronic acid and which is therefore named hyahironidase. 
The enzyme can easily be extracted from spermatozoa. When such an 
extract is added in vitro to eggs, with their cumulus masses, the matrix 
dissolves and the follicle cells fall away. Eggs other than those of the 
dog, cat, and rabbit are tluis stripped of adherent cumulus; in these tliree 
species, however, the corona radiata remains intact, although any hyalu- 
ronic acid between the cells has presumably passed into solution. 

Obser\'ations in the laboratory animals have shomi that in vivo 
spermatozoa enter the eggs without the cumulus suffering noticeable 
disintegration. It is believed that the spermatozoa, with the aid of 
liyaluronidase, individually digest paths for themselves through the matrix 
of the cumulus and between the coronal cells. The cumulus is broken 
do\vn later, during the course of fertilization. This appears to ho brought 
about partly by liyaluronidase diffusing from spermatozoa at the .site of 
fertilization, partly through an autolylic process, and partly through the 
operation of some as yet unidentified factor in the Fallopian tube. 
Antolysis and the “tubal factor” may be jointly responsible for the early 
disappearance of die cumulus mass from about the eggs of tlio horse and 
the ruminants. In dog and cat eggs, on the other Iiand, tlic corona persists 
for much longer, even throughout early cleavage (sec Fig. 9), 

ti. Spermatozoon Penetration ffirough the Zona Veltucida 
Less is known of the means by which the spermatoroon is able to 
penetrate the zona pellucida. A narrow .slit that the sperm.ito/oon leases 
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the zona after it has passed through has been identified in s^c 
ndent eggs; this may mean that the spermatozoon carries an enz^, 

provisionally called the zom hjsin, that acts upon the ^'’I’stance o 
zona, softening it, as it were, thus permitting the X j 

its way through. It is suggested that the lysin is carried upon a mo 
part of the nuclear membrane of the spermatozoon head t a 
the uerforaforium. This is the region that is exposed '’X me rcmova 
ot the acrosome, which occurs when the spermatozoon reaches le 
pellucida (5). , . , , .v ^ 

Tlie principal significance of spermatozoon motility is probao y 
it supplies the motive force that propels the cell throug cumu 
oophorus and zona pellucida. 


C. Entry of the Spermatozoon into the Vitcllus 

Passage through the zona pellucida is rapidly accomplished 
spermatozoon head then projects into the perivitelline space an ni* 
contact with the surface of the vitcllus (Fig. 4). Contact appear 
evoke a response from the vitelline cytoplasm so that attac . 

formed with the spermatozoon head. After a pause, the head, wi 
still attached, is taken into the vitcllus (Fig. 5), much as a food par * 
is engulfed by an amoeba. The pause before actual entry ® ^ 

vitellus is evidently quite appreciable— it was found to be about yz 
in some rodent eggs. For a while after spermatozoon entry, the sur ac 
of the vitellus is elevated above the head in a manner that is rcminiscen 
of the fertilization cone of some invertebrate eggs. In the great majon > 
of animals, both vertebrate and invertebrate, the entire spermatozoon 
tail passes into the vitellus with the head; exceptions among mamma s 
include the field vole and Chinese hamster. 

In most mammalian eggs the metaphase of the second maturation 
division is evident at ovulation (Fig. 3g), and meiosis does not norma ^y 
continue until a spermatozoon head becomes attached to the surface o 
the vitcllus. Entry of the spermatozoon is therefore accomplished during 
the early phase of the resumption of meiosis (Fig. 5a). Spermatozoon 
penetration in the dog commonly occurs while the egg is still a primary 
oocyte; the spermatozoon head then lies quiescent in the vitellus, sho\Y 
ing little change until abstriction of the second polar body is complete • 


D. The Zona Reaction and the Bloch to Polyspermy 
Mention was made earlier of the fact that polyspermy is probably 
lethal to the embryo and that the significance of the very small numbers 
of spermatozoa at the site of fertilization was that the chances of fertili- 
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zation were thereby reduced Complementary to this mechanism is the 
eggs o\\Ti defense system, which tends to prevent the entry of more 
than one spermatozoon Defense is vested m two membranes, namely, 
the zona pellucida and the vitelhne membrane In most mammals, it 
seems, both membranes are capable of undergoing a change after tlie 
entr\ of the first spermatozoon— a change that makes them impermeable 
to subsequent spermatozoa Tlie alteration in the zona pellucida is 
termed the zona reaction and that in the vitelline membrane tlie hhck 
to pohjspenmj Evidence indicates that both are evoked by the attach- 
ment of the spermatozoon head to the vitelline surface (Fig 4, the in- 
creased tliickness of tlie line limiting the vitellus is intended to represent 
the occurrence of the block to polyspermy and the shading in the zona, 
the zona reaction) From the point of attachment of the spermatozoon 
the block to polyspermy passes around the corte\ of the egg as a propa- 
gated change In tlie sea urchin it takes only about one minute for the 
block to become complete over the whole egg surface— there is, as yet, 
no known way of determining the corresponding bme for mammalian 
eggs The zona reaction is thought to be brought about by some sub- 
stance that IS released from the surface of the vitellus and diffuses across 
the penvitelUne space (8) The release of this agent seems to be 
propagated over the egg surface like the block to polyspermy, but tlie 
zona reaction itself may be comparatively' slow, taking, in the rat, some 
thing between 10 minutes and 2 hours to reach completion (18) 

Rabbit eggs appear to be unique m that, though they can exhibit a 
hfock to polyspermy, they cfo not seem capahfe of cfevefopmg a zona 
reaction spermatozoa continue for several hours to pass througli the 
zona and accumulate in the pemitellme space (Fig 7a) Spermatozoa 
that pass through the zona pellucida but are excluded from the Mtellus 
In the block to polyspermy are knouTi as supplementary spermatozoa, 
thc\ arc not knoun to Iitac any' role m fertilization or in the dcielop- 
incnt of the embno Rabbit eggs may lime as many as 200 odd sup- 
plementary spermatozoa Rat and mouse eggs, on the other hand, gne 
cxidence of the cipacity to de\elop bolli changes they often haie one 
or h\o supplementary spermatozoa, but seldom more, the frequency 
distribution of such spermatozoa is \cn different to uhat would be ex- 
pected by ch ince The eggs of several other animals, including the 
domestic animals, lia\c not heon obsersed with supplementary sperma- 
tozoa although numerous spermatozoa commonU adlierc to the outsulc 
of the zona pellucid t From these facts it is inferred that these eggs li u e 
i \cr> rapid zona rticlion and that this is in linU responsible for their 
protection against pobspermy 
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E. Activation 

i' lchinent, of the spermatozoon head to the surface of the \’itellus 
' L ilso in a change of a different nature, namely, an awakening o 
' le from a dormant state. This stimulus to development is 
.li octication and the details of its mechanism have been soug I or 
many years. From work on invertebrates it has long been known t a 
many agents of a chemical, physical, or mechanical nature can acti\ate 
eggs, including heat and cold, acids and alkalis, hyper- and hypotonic 
solutions, radiations, alkaloids, fat solvents, mechanical agitation, am 
electric currents. Activation may also occur apparently spontaneous), 
without the participation of any identifiable external factor. Ho\\e\er, 
the particular property of the spermatozoon that is responsible for actn a 
tion remains a mystery'. Specific activation (by the spermatozoon), lea s 
normally to pronucleus formation and development. Nonspecific acti\a 
tion (by some other means), on the other hand, is rarely followed b) 
these processes in mammals— when it is, the phenomenon is regarde 
as the initiation of parthenogenesis (see Section V, E). 

F. Promicleus Formation, Growth, and Sijngamtj 
Soon after the spermatozoon head enters the vitellus, it begins to 
swell and, by subtle changes involving the production of nucleoli an 
a surrounding nuclear membrane, it is converted into a male pronucleus. 
Simultaneously, the second polar body is abstricted and the group o 
chromosomes remaining within the vitellus becomes transformed into 
the female pronucleus (Fig. 6). The pronuclei increase progressively 
in volume until they are about twenty times their original size, and move 
toward each other through the cytoplasm, so that when fully grown the) 
are in close contact. Then, quite suddenly, they diminish in volume 
and finally fade out altogether, giving place to two chromosome groups- 
In their turn, these chromosome groups move together and form a single 
group which represents the prophase of the first cleavage division. The 
terminal stages, from contact between the pronuclei to union of the tuo 
chromosome groups, is known as sijngamy. Fertilization is now complete* 
Figure 6 shows the appearance presented by rat eggs during fcrtili* 
zalion. In this species the relatively large proniiclei have several large 
nucleoli; the volume of the male pronucleus is about two and a half times 
that of the female. Pronucici in the eggs of domestic animals and the 
rabbit, on the other hand, arc relatively' small and the nucleoli arc fe" 
and small; in addition, there is not so much disparitv in size between 
male and female pronuclei (Fig. 7). In most respects, liowevcr, the 
changes exhihllcd by rat eggs during fertilization may reasonably be 
considered reprt*sentalive of those of mammalian eggs in general. 
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G. The Function of the Fronuclei 
It seems likely that pronuclear function includes the synthesis of 
deoxyTibonucleic acid (DNA) (24). This substance is the characteristic 
constituent of chromosomes and hence is a regular component of nuclei. 
Deoxyribonucleic acid is believed to be the essential hereditary material, 
bearing in its molecular configuration the genetic information that is 
passed on from the spermatozoon and egg nuclei to the nuclei of the 
early embryo, and thence to all the cells of the new individual. In any 




ing the grow til of male and female promiclci, and their conjugation, dimimilfon, 
and final replacement by chromosome groups which come together m the prophase 
of the first mitosis From Austin and Bishop (4). 

one species, the absolute amount of DNA in a nucleus is proportional to 
the chromosome number. Thus, the spermatozoon head and the nucleus 
of the fully matured egg each contain only half the DNA complement 
of a somatic nucleus, since they each have only half the mimher of 
chromosomes. When the fertilized egg undergoes its first division, two 
cells arc formed, in each of which then; is a nucleus with the same 
amount of DNA as a somatic nucleus Hence the need for ssmtlicsis of 
evtra DN.\— not only by the promiclci, of course, but also by the nuclei 
of subsequent embryonic cells. 
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' ..1 cjliin eggs are said to contain sufficient stores of DNA in their 
, t lolasrn tor about sixteen cleax-age nuclei. Sea urchin pronuclei, there- 
'■■;e nui\ not need to s)Tithesizc DNA. Since no cytoplasmic DN as 
t l.een detected in mammalian eggs, the account just given of mam- 




Fic. 7. Pronuclei. (a) and {b): Pronuclei in liWng rabbit eggs, as 
pluse-conlrast microscopy. Magnifications: X 200 and 600, respecth ely. (c)- 
nuclei in a section of a fised dog egg. Magnification: X 350. Owing to the texture 
of tlic cjioplasm, pronuclei are almost impossible to discern in the lixing eggs 
domestic animals; it is reasonable to suppose, howexer, that tfietr appearance 
resemble that of the rabbit pronuclei. (Fig. 7c by courtesy of E. C. Amoroso.) 

malLin pronuclcar function is reasonable. Another function, however, 
has l>cen suggested for mammalian pronuclei, namely, that they may be 
involved in the production of patterns or “templalw” in readiness for 
the protein sjaithcsis that will go on during cmbrj'onic growth. 
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H Time Rehftons of Fcrtihzotwn 

In the rabbit* tlie spermatozoa reach the site of fertilization 6 to 7 
hours before the eggs* and proceed to penetrate the eggs diinng the 
1 or 2 hours after ovulation Pronuclei are formed about 134 hours later 
The first cleavage of the fertilized egg takes place 11 to 14 hours after 
ovulation The pronuclear life span is thus about 8 to 10 hours Similar 
information is available for some other la*borator)^ animals, but data on 
domestic animals are evtremely fragmentary Moreov^er, in most instances 
the times recorded refer to coitus as the starbng point, obviously, this 
mil lead to the introduction of relatively large errors, as the interval 
between coitus and ovulation m the domestic animals (except the cat) 
IS b) no means constant The more useful figures that have been pub 
lished so far are as follows spermatozoon penetration takes place 2 to 3 
da)s after coitus in the cat (i e, about 1 day after ovulation) Pronuclei 
are formed between 11 and 39 hours after ovulation in the cow , and less 
than 36 hours after coitus in the ew'e The fertilized egg undergoes its 
first cleavage about 24 hours after ovulation in the pony mare, 30 hours 
after coitus in the goat, 38 to 39 hours after coitus m the ewe, and 50 
hours after coitus in the sow 

I Ahnormahfics of Ferithzaiion 

Experience with laborator}' animals indicates tliat, under favorable 
circumstances, accidents rarely occur in fertilization, in spite of the 
complexitv of the process Abnormalities are likely to be induced, how- 
ever, by anything that disturbs the normaht) of either gamete, such as 
aging of the gametes, elevation of temperature, X irradiation, and iid- 
mmistration of certain toxic substances The chief irregularities in fertili- 
zation that )et permit some degree of embryonic development involve 
incomplete maturation of the egg, polyspermy, and the failure of either 
spermatozoon nucleus or egg nucleus to develop 

Incomplete maturation of the egg implies that abstriction of eitlier 
or both polar bodies fails—meiosis proceeds to anaphase or telophase, 
but both chromosome groups remain wilhm the vitellus As a result, the 
fertilized egg will ha\c too many sets of chromosomes and the embrjo 
will be polyploid F««lurc to abstrict one polar bod) leads to tnploidy 
after fertilization, and failure to abstncl both polar bodies to penfaplotdy 
Except for some rather dubious reports for the rabbit and pig, there i*? 
as xct no record of the birth and siir\i\al to maturity of a poUpIoid 
mammal (11) 

Poh sperm) results when two or sometimes three spcnnalozoa, Iiaxing 
exidcnth approached the egg almost simultancousU, succeed in gainuig 
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Mitrance together and participate in “u^such a rish 

reaction nor the block to polyspermy “n be (g^o’a form pro- 

inevitably exists. Both, or all three. fert.hz.;^g nucleus, 

nuclei and these later undergo ‘’’'ij^lei am referred 

The additional fertilizing spermatozoa and m p spennatozoa 

to as supenmmeranj. In the rat, at least, ferti iza i ^ g.cell 

gives rise to a triploid embryo, which can certainly P assumed, 

Lge and possibly a little further (6). It may '^a ^ably ^ 

however, that, as with other kinds of mammato polyploi ■ P ^ P 
embryos probably do not survive to term. ’ P of about 

spermic eggs have been recovered from cats at an mcdence 

^ If al embryo develops from an egg in xvhich *e 

normally hut was vitiated by the failure of the female 

process is termed gynogcncsis. If, on the other hand, i ■ 
pronucleus tliat failed, the process is called andw^enest ■ . o( 

tlio primary effect of these anomalies on the embryo is a 
chromosome number: both gynogenetic and androgenetic ry^ 
half the normal chromosome complement, or in other %v ,.ng|y to 
haploUl Like polyploid embryos, haploid embryos are mos 
develop far. 

/. la Vitro Fertilization 

It has long been an ambition of biologists to find under 

would permit the fertilization of the mammalian egg to pr 
direct obser>’ation in oifro, but the process of of 

seems to depend upon a highly specific environment, the co p 
which have yet to be adequately defined. Nevertheless, . pnially 

have been made that the necessary' conditions had been exp _ 

achieved and that fertilization had taken place. None of ^]^c 

convincing, however, because of failure to establish satis ac 
occurrence of spermatozoon penetration into the vilellus or 
the possibility of nonspecific activation of the egg. 


V. Cleavack 

Tlic conclusion of fertilization marks the genesis of the 
early embryo. Initially, the salient feature of development is ^ 
fonn of cell division known as cleavage, during which the pro p 
mass of the embryo is progressively divided until it composes^ 
number of cells. Cleavage involves no gain and, indeed, 
total protoplasmic mass; it continues until the cells consti u 
embryo are of a size that is nonnal for most adult tissues of t le . 
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:erned. Cleavage then ceases; cell division continues but is now 
ciated with increase in total mass, that is to say with the growth 
he embryo. 

A. Mechanisms of Cleavage 

Fertilization ends with the union of the paternal and maternal chro- 
»ome groups. Tlie chromosomes become arranged on the first cleavage 
idle and mitosis proceeds through metaphase and anaphase to 



\c center of llie egg, (b) and (c): Mitosis proceeds through anaphase to telophase, 
he Mtcllus elongates and the cj'toplasmic surfaec around the equator of the egg dips 
luard. (d); Clcasage fiirro« has nearly completed division of the cjtopKism. (e): 
ollovMng cjloplasmic division, nuclei reform. 

elophase (Fig. 8). The cytoplasm then divides into Uvo, usually un- 
‘qual, cells that are called blastomeres. Cytoplasmic diWsion begins with 
i dipping-in of ilie surface which is believed to be attributable, not to 
1 ring of contracting cytoplasm, but to expansion of the general cell 
>urfacc induced in tlie polar regions by sulistanccs emanating from tfie 
chromosome groups (42). Consistently, the egg becomes somewhat 
elongated before actual cleavage starts. The plane of cleavage passes 
through the centers of the areas that were occupied by the male and 
female pronuclei at the beginning of sj-tigamy. When cytoplasmic clisi- 
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Sion is complete, the chromosomes resurne 

develop, end so the zygote nuclei make thcr appearance (C g 

The second clearage division usually 
tomere— the nncleoii disappear, ehromoso^ "™:;:ra ’ steT emhrs o i^ 

the cytoplasm divides, and nuclei reform. Thus a o e 
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partly because the planes of tlie spindles of successive cleav'age divisions 
tend to be orientated approximately at right angles to those of the 
previous divisions, the cells form a compact group knowm as a morula 
(Figs. 10, 12a and 13a). The constituent cells of the morula are not all 



lie. 10. Mnnilnc. (a): Lhing sheep inonila. Mogninciilion: X 200. (b): Sec- 
tion of .1 cat tnonila, showing the tcnclencj* for the smaller wlls to gather nc.ir one 
pole nnd the larger near Uic other. Magnification: X 330, (By courtt*5\ of E. C. 
Amoroso ) 

ctjual in si/c nnd, in the cmbrj'os of the ewe, goat, sow, and cal, the 
sni.iller colls arc gathered nioslly toward one pole and the larger cells 
toward the other. 

il, Karhj VifJrrcnUatiou vf Cell Types 
Tlu' next step is the fonnation, within the m.TS\ of tvlU, of a sin.ill 
Ihiid-rilled ca\ity, which is the l>ei;mning of the hhtstneorir; ihi- emhm* 
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^ 6 ^ ' f 

nc, 11. Blastocyst formation In llic tat, Diagrams ^ a coarser 

cmliryos stained tor mucopolysaccliandes. (bV S the 8-cell embryo 

panulation becomes evident in parts of the , „i)l form the tropho- 

(c), this feature is said to distinguish *i. and the segregation of 

l,l.ast. (dlt Early blastocyst with first slf^s of the blasto.«le and 

embryonic and cstraemhryonic cells. ‘ , f,om tL trophoblast to 

distinct inner cell mass. (f)i Cells are beheved P 7 " ‘i„o, drawings of 

form the endoderm. Itedrasvn and slightly mod.fied from origma 


D. 1 ICV 1 (21). 



Tfophoblost 


r»<.. lis BU8tt^c^•»t fontiatJon In llir DiaprJmt rrprrwiitfni, ^ 

rfnliMW. (A) McmiU 5 tUj-« ahcT coltm. (R) awl ^ , i-i 

.r? . V. fToiniUlaofBm^lamlllamtUond-J- 


1 ’ tnprrtUflj. after ctrfltw. Praw-n 
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is now termed an early blastocyst (Figs. 11, 12, 13, and 14). The cavity 
soon enlarges— in tire rodents this happens svith httle or no change in tlie 
total \ olume of the embryo, but in tlie domestic animals tire total volume 
increases considerably. In the latter group, the blastocyst becomes 
virtualh a bag of fluid tvithin 2 or 3 days. The structural changes in- 



Tic 13 Blastocj'st formation in the goat. Diagrams of sections of goal cmbrj’os 
to ilhistrate early diffcrenKalion of coll l>pcs, according to Amoroso ct al. (2). 
(a). Morula 98 hours after coitus (b). Eatlj blaslocj’St at 134 liours. (c) Dlasto- 
tv’st at 150 hours Wlntc stipple on black rs forrmhve cells, stipple = Irophobhst 
cells, crosshatcli = endoderm From Amormo ct of. (2) 

\ol\ed in bhistocjst g^o^^th are still incompletely mulcrstood and nu- 
thonlic’; dtlTor in tbeir interpretations. The processes may be said to 
be concerned, in general, >\itb tlic separation of a group of "crnbrjonic” 
or “forniati\o" cells from ^^b^cll tlic fetus itself ^^lU dcvtdop, anti of a 
group of “cvtraembrjonic” ct'Us ^\hicll later form the fetal mcinbr.ines, 
including the fetal placenta 
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In rat embryos, nccorcling to Dalcq (24), 
tuting tlie inner cell mass, are surrounded “j'y s to line 
cells, constituting the twphobhst. Later, a lay ,,,5 

the inner surfaces of trophoblast and inner c ‘ [jopho- 

cmloilerm; these cells are believed to have migrate 

blast (see Fig. 11). .--v fiif. changes in 

From the data presented by Boyd and Hamilton^ is 

the sheep seem to follow similar lines, except cell 

thought to arise by migration or delamination of c ™ the 

mass. In addition, the inner cell mass later becom M, 

trophoblast layer and then projects above this layer as g 
consisting of embryonic ectoderm (see . rlistinctively 

In the goat. Amoroso c* nl (2) have desenbed some distm^ 
large cells at one pole of the morula that evidently g j be- 

embryonic ectoderm while the trophoblast cells deve op celh 

neath this group. Tlie endoderm is held to arise from r p , , ^Q^yst 
(see Fig. 13). Essentially the same process seems to occur in 
development in the sow (32). 


C. Cell Lineage ^ 

In some invertebrates it is possible to trace back Matn- 

forming regions to early embryos, even to the undivi e i jjyeU- 
malian embrj'os, however, show evidence of differentia lO ^ ^ 


of differentiatioY- j 

late, and the blastomeres of the early cleavage stages are ea . 

• t, . It has been demonstr. 


to be capable of forming all parts of the body, n -- 

that the blastomeres of the 2-cell rat embryo can be jpio 

pcrimentally and, on transfer to a suitable host, each can .i.ceH 


puiiiin.‘iuaiiy unu, uii ii.in»ici a . 

an entire animal (44). Normal young rabbits have been 
embrj’os in which one blastomere had been destroyed (5 ), 
patently normal blastocysts and implanted embrj’os have deve ope 
4-ceU embryos in which three blastomeres had been destroys 
Nevertheless, there is evidence of some degree of ^^otermination 
early cleavage stages of mammalian embryos: Dalcq and his asso 
have reported that by histochcmical methods certain regions o 
during fertilization and of the blastomeres of 2- and 4-cell cm^^^ 


Fik. 14. BUstocjsts, («), (b) and (c): Living dog bbstocj-sts a 
stages of expansion (5-7 cl.'ij'S after mating). In (a) and (b). die 
Is seen in prordc and, in (c). In plan view. Magnification: X 99- (“): •' 

liUstocs-st (alKnit 9 d.ij-s). Magnification: X 51^- (e). (0* ‘“’d (g)* 
cat bUstoc)-sls (0-8 d.-ij-s), sliouing segregation of inner cell mass, tli e 
of endoderm wlls, and intercalation of mibrj'onic ectotlcrm with tropiio ^ • 
nific.»tions; X 405. 450, and 252, rcspectlscly, ( By courtesy of E. C. Amoroso. 
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e.„ be sho.™ to contain .atenal that to^fho:! in 

trophoblast or the inner cell mass (-4). '^'8“ , a coarser 

ot rat eggs and embryos stained of the 4-cell 

granulation becomes endent m parts cctoplastn that will latt^t 

Lge, This seems to identify the regions “f , js also 

form part of the trophoblast Early recognition of cell W 
reported by Amoroso et al. (2) (see Fig. 13). 

D. nates of Cleacage and Volume Changes ^ 

The rate at which cleavage occurs has data for 

unpredictable way among different animals. Here g . 
domestic animals (Fig. 15) lack precision because they 



related to the time ot coitus rather than to the time of os • 

}»cncral. the cmbr)'os of domestic animals and laboratory’ n rc.acbf^ 
at a slower rate than do those of the rabbit. The rabbit cm ry 
the 16-ccll stage hi just under 2 days from coitus, while rat an 
embryos taVc 3 to 4 days and embryos of the larger domes 
tahe 3 to 5 days. Tlic blastocyst stage In the ewe, goat, nnc 
TcacluHl in alwut G days and in the cow in alwut 8 to 9 days. (.^jiallv 
It has already' l>cen notcil that the total mass of cytophasm 
decreases during cleavage. Some measurements arc recorded 
tun and Laing (30). From these it appears that the total 
the cytopl.asm In the l-cell cow egg is aljotit 900.000 cu.}*» • ^1,}^ 

with a solume of the order of TOO.OOO cu.ji in the 8-cell embryo* 
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represents a diminution in cytoplasmic \olume of about 20^ Cor- 
responding figures for the sheep were about 1,000,000 and 600,000 cu p 
a loss of about 40% In the ferret and mouse there were found to be 
losses of about 30 and 25%, respectively The reduction in c) toplasmic 
volume presumably can be ascribed to the utilization of food stores ( the 
yolk or deutoplasm), which initially would take up appreciable space 
within the cytoplasm This catabolism releases the energy required 
for cleavage 

C Parthenogenesis 

Some animals, such as certain insects, reproduce only parthenogenet- 
ically, there is no fertilization, and development begins spontaneously 
Among other animals, such as sea urcliins and newts, reproduction is 
normally sexual but parthenogenebc development can be induced ex 
perimentally ^Mth a vanety of agents (see Section XV E) Sometimes tlie 
parthenogenebc embryos grow into functional adults, particularly if 
"regulation to diploidy" has occurred (54) Commonly, this involves 
failure of abstnction of the second polar body, as a result, hvo chromo 
some groups are formed in the egg and thus the diploid state is estab- 
lished Haploid parthenogones seldom develop far in vertebrates 

In mammals, mechanisms by which eitlier haploid or diploid parthe 
nogenesis could take place are well recognized, and there are se\ernl 
reports of induced early partlienogenetic development in the eggs of 
laboratory animals (11) So far, however, it is only in the rabbit tint 
induced pirthonogenesis has been claimed to ha\c been followed 
the birth of viable )Oung (45, 46, 47) Though many investigators have 
described the apparent spontaneous partlienogenetic development of 
ovarian and tubal eggs in mammals, it is like!) that all or the great 
majont) of these eggs were in fact undergoing no more tlian a degenera 
live fragmentation Nevertheless, the possibility does remain that very 
occasionally a partlienogenetic mammal arises spontaneously and surviv es 
to maturity Such individuals would be diflicult to detect, since suc- 
cessful development would probably have been contingent upon regu- 
lition to the diploid state By employing various tests, including the 
identification of blood groups and the transfer of skin grafts, however, 
Bdfonr-Lyain (10) believes lint he may have identified a hiiimn 
parthenogone 

VI Maintlnancl or TUI Eaiuv Emiuivo 
AfUr fertilization, the embryo passes along the ralloptan lube and, 
in a few davs. enters the uttnis—this generally occurs when it is n inonil i 
or ( irU blistocyst Evtntuilly, the embryo undergoes implantation m 
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the uterus, a process involving the nutritive require- 

both embrr-onic and maternal tissue that it cames 

ments of the embryo are met initially ‘ ‘ Fallopian tube, and 

and perhaps by substances in the secretmns P he emhrjo is 

later bv the products of the uterme mn«sa. 
maintained principally through the medium of the placen 


A. Transport of the Embryo 

It is likely that the early ""'P^lftinns the Fallopian 

are transported by ciliary currents and by jj,e ampulla, u 

tube. Passage through the wider PO^o" ^ *e 
more rapid than through the narrower portion, 

The rate of passage varies widely. In the op ferUliza- 

transport is so rapid that eggs still in the journey takes 

tion arrive in the uterus. In most mammals, I;-®''® ^ ,h of the 

3 to 5 days, irrespective of the size of the Lys) and 

Fallopian tube. Transport is relatively long m the dog t 

cat (3-7 days). •„„„,Iiatelv UP°" 

Implantation in the uterus does not lake P'®®® ' , the 

arrival of the cmbiyo; for a period, the blastocj^ rodents: I" 

uterine lumen. The interval is normally about 3 about 

domestic animals, only approximate estimates can be gi • 

7 weeks: cow, 2(M0 days: ewe, 11-14 days: sow, 4-7 dajs, 
cat, about a week. presum- 

WTiile the blastocyst is free in the uterus, it is moved aoo 
ably by contractions of the uterine walls. Tliis may resu 
fcrcnce of an embryo to the opposing uterine bom, a shi 
as inlcrnn! migration, and that has been reported to occ a 

domestic animals. In addition, in animals that bear smera^ y 
given pregnancy, the embry'os become arranged in such a ''O' of 

orientation within the Ivimcn is always the same and le* 
implantation are more or less evenly distributed. 


R. r/ir/siologi/ of the Early Embryo ^ ^ 

\'cr\’ many studies have l>ccn made on the metabolism of ^ 
eggs and early cmbrj’os, and much detailed information * ^ 

obtained. Tins has been possible principally because 
can Ih? obtained readily in vast numbers and, c\-cn in the a 
conditions can easily be acbics’cd in w’hich fertilization and ‘ or 

will proceed in a normal manner. Investigations on mammalian 
the other hand, have had to l>c made on much sm.allcr ntinu>ers 
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fvirther hampered by the fact that proper media for fertilization and 
cleavage outside the body have still to be perfected. Nevertheless, en- 
couraging progress has been made. 

It is knovni that mammalian eggs and early embryos can tolerate 
short periods of exposure to experimental conditions outside the body. 
Transfer from one animal to another has been effected in several different 
species (including cows, ewes, goats, and sows) with the subsequent 
birth of normal young as the outcome (64). Two-cell sheep embryos 
have even been transferred to rabbits and there have developed normally 
to the blastocyst stage (9). Chang (21) has shown that unfertilized 
rabbit eggs can survive storage in vitro at 10°C. for 48 to 72 hours and 
at 0°C. for 24 to 48 hours, and yet undergo normal fertilization when 
transferred to suitable hosts. Rabbit eggs during fertilization have even 
been found to withstand freezing to — 190°C. and still be able subse- 
quently to pass through a few cleavage divisions in culture (53). 

Some success has been achieved in the in vitro culture of mammalian 
embryos. Rabbit embryos have developed from early cleavage to well- 
grown blastocysts in media containing serum (36, 48). Tliough oilier 
constituents of the medium could be varied without detriment, omission 
of the serum precluded tlie occurrence of more than a very few cleavage 
divisions. Mouse embryos, hitherto rather refractory material, have now 
been cultured from the 2-cell stage to the blastocyst in media made up 
from crystalline serum albumin, glucose, lactate, and a buffer mbc- 
ture (63). 

Measurements have been made of the oxygen consumption of rat and 
rabbit embryos, and these suggest that a single embryo utilizes about 
0.5 to 1.0 mpl. Oj/lir. (1 mpl. = lO'” ml.) (28, 43). Tliere is evidence 
that the cytochrome oxidase system is present in tliese early tissues. 

Biochemical studies have been made on the fluid contents of rabbit 
blastocysts just before and during implantation (days 6 and 7 from 
coitus), and also on the following day, when implantation is further 
advanced. Tlie fluid was found to contain very little protein or glucose 
on day 6, more on day 7, and amounts approaching the serum concentra- 
tion on day 8. Data showed tliat these substances had passed to tlie 
blastocyst from the maternal blood stream. Concurrently, the phosphorus 
content doubled and the chlorides increased about threefold. Tlio con- 
centrations of potassium and especially bicarbonate, however, were 
distinctly higher on d.ay 6 than on day 7, and fell to maternal serum 
levels as implantation proceeded. Water-soluble vatainins— thiamin, 
rilroilavin, anti especially nicotinic acid and vitamin Bis— were also 
present in assayabic amounts in the blastocyst fluid (20, a3. 31. 39). 
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Clearly, the biochemical architecture of the 
the later cleavage stages, has rts orvn pecuhan Significance 

, nf pmhrvnnic metabolism. Their tmi siguiu 


betoken special features of embryonic metabolism, 'aeir S 

bill the indications are that the mam ^ 


remains to be elucidated, but the indicatiom are that hm 

embryo has some measure of nutritional mdependen > ^ fiat 

. r _ii A* irrocf /^iin'ncr rleavaee, tne aeuwu 


the embryo makes upon its environment may ° s^e. and 

nature-water, a supply of oxygen at a paA^lar Pf^n^ionic 

a suspending medium that is osmotically smtab e inr p ,, ^nmce 

constituents and colloids. Later, when gro"^ '>‘=8'“’ -Ststances 

of food material is clearly necessary: this must be ^ , jjnough 

in the free fluids of the genital tract and by materials 

the placenta. The former are of parHcular importance m 

in which the unattached blastocyst remains for a long w e 

lumen. 

C. The Tubal and Uterine Environments ^ 


The Fallopian tubes are lined with nonciliated, as well^ 


ine ranopian luoes are uueu wiui oj 

columnar cells, the former having a secretory funcbon. ^ 

secretion in the tube is highest during estrus, when it amo » 
rabbit, to about 0.79 ml. in 24 hours (12). Identified 
secretion include mucoprotein, glycogen, phospholipid, a Q^ygen 
Glucose and fructose are not present in significant amo^ts. -aU^it; 

, _ , 1 . ..i* __ Ti.. I.., tVio ACTTOUS 


partial pressure was found to be about 45 mm. Hg in the estro^ 

IS nnnrnximatelv in eoiiilihrium with the arteriolar SUpp / 


this is approximately in equilibrium with the arteriolar si^py 
sufficient to maintain an essentially aerobic environment (1 > » 

The uterine fluid in early pregnancy is of a distinctive 
is clearly suited to the nutrition of the embryo. This f^^bire 
1 : j. : a..;j ,..«e Cwrf ♦ci-mpH uterine tnuH i* / 


been recognized; indeed, the fiuid was first termed uterine nu ^ ^ 
300 years ago. The material is derived from the secretions o 


300 years ago. Ihe matenal is derived trom tne seuicuu^*.. cellular 
the mucous membrane and uterine glands, and contains muc 


UiU 1IIU<..TJUS lltcuiuiuiic uiiu ulciuio ^ anilUal^ 

debris, leucocytes, and some red celb. It is especially copious in ^ 
with epitheliochorial and syndesmochorial placentae, namely, ^u^tes 
cow, ewe, and sow. In these animals, uterine milk probably co 

. . . ..^.ftohon. 


a large proportion of nutrients to the embrj'o throughout 
chemical composition varies a little bertveen species, the protein 


chemical composition vanes a little bertveen species, tne 
being higher in the mare (IS^i) than in the ruminants 


the fat content much lower in the mare (0.0065«) than in the 

(about l^o). It does not contain detectable amounts of glucose, j 

or glycogen. The cellular debris derived from broken-dow’n 
tissue is also of nutritive value; for this purpose, dissolution is un 
sar)', as the trophoblast cells arc known to be actively phagocj'tic v 
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I. iNTRODUCnON 

For the continued existence of the normal zygote, embryo, and fetus, 
it is necessary that their structure be so designed for each developmental 
period that an adequate physiological performance is ensured. Because 
of the changes (differentiation and growth) that occur in the develop- 
ing embryo throughout tlie gestation period, the requirements for exist- 
ence progressively change. These needs are met by development of new 
or expanded embryonic or extraembryonic structures. The morphology 
and progressive development of structures which make possible a com- 
plex intrauterine existence of embryos and fetuses in domestic animals 
are tlie main topic of this chapter. 

The animal groups dealt with in this book conveniently fall into 
three orders: Artiodactyla (split-toed): pigs, cattle, sheep, goats, and 
deerlike animals; Perissodactyla (single-hoofed or uneven-toed): horses. 
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elephants, camels, hippopotami, etc.; and Carmv ^ 
and doglike animals {foxes, wolves cto), fo<.„scd on 

animals (mountain lion, tigers, etc.). Our in these species 

the domesUe animals; nonetheless, studies o ' f^tal mem- 

should lead toward a hroad understanding ’ P jiger, es- 

branes, and fetal development because , o„n order, 

cept in detail, between members of the specie [yon or fusion 

In tlie hroad sense, a placenta is any ;PP;;‘Xnga (64)- 

of fetal organs to the maternal tissues for physio g 

Membranes to which this definition may app y ei allantoamnion, 

are the trophoblast, yolk sac, amnion, chorion, allantois, allanl 

and allantochorion. _ , ♦'the” p^a- 

Commonly, the chorioallantoic placenta is lefc^ js 

centa. This placenta takes on various fornis in <4*2““ „„ gross 

relatively constant in any order. Classification may piater- 

shape or, preferably, upon its finer structure and rclationsti p 
nal tissue (Table I). „ . ■- position 

Implantation occurs when the embryo becomes ^..mbryonio 
through a reaction involving maternal and emb^onic or e jbe 

tissue. In some species, such as the martin and ""S' “ , implants' 

blastocyst may be dormant in the uterus for weew ( e y 
tion) before becoming fixed in position (89). ^^P “j c-itive extra- 
dactyls and perissodactyls occurs after formation of the Lago- 

embryonic membranes; however, in other orders, i-C., . 

morpha, Rodentia, Primates, this may not be the rase ( are 

In mammals with more than one young per litter, occurs 

spaced evenly throughout ttie uterine horns and^ imp an 
first at the oviducal end of the uterus. When ttvins are pr 
comuate uteri of ruminants, usually one embryo is foun /"^placed 
and the sites of implantations in the two horns are symme ic 
near the middle. In eutherian mammals, orientation of the 
may be toward the hroad ligament (mesometrial) or ^ dish 

broad ligament (antimesomelrial). Attachment with the 
in one of these Erections is relatively constant within any or ^ 
depth of implantation may vary. In domestic animals, diffuse 

orients antimesometrially and implantation is circumferentia o 
[necessarily superficial (64)]. , ^ ma)' 

Nutritive materials (“embryotrophe”) for the embryo an ^jjjough 
be derived either from maternal circulation J .^L^ropbe,” 

secretory or degenerative products of the endometrium ( his 

40 ). 



TABLE I 

Tissues StTAuAnNC Mateiwai. and Fetal Blood° 
Mntcmal tissue Fetal tissuo 





436 


ELMER D. IIARVEY 

Tl. intimacy oi tlte fetal and matenta, 
placenta determines U.e means by which “ syndesmo- 

„ent. In those fetuses that .'P'^Jf'f^^^tijerahle supply 

chorial placenta (Table I). histoUophe ““ “ an endo- 

of nutrient tlnoughoul gestation. In Camivor , j ponLce early 

theliochorial placenta, histotrophe is of ^ early 

in gestation. Although histotrophe may serve ^ j^yjstoent 

in fese species, its apparent usefulness is reduced after estat. 
of the chorioallantoic placenta in its final form. 

II. Implaktation’ 

Since embryology in the sow has been ^udied desCTibed 

in other domestic animals, conditions in this species 
first in the discussion to follow. 


A. Artiodactyla 

Passage of the pig blastocyst through the oviduct 
days (Chapter 12). It remains free in the uterine 
7 days (9-10 days postcoitus). During this period oriented 

blastocysts become spaced in the horn of the uterus an j of the 
so that the germ disk faces toward die mesometnal qua ^ 
uterus (45). OrientaUon of the blastocyst occurs in a predict 
most of the eutherian mammals, but its mechanism remai^ 
more puzzling problems of mammalian embryology, h ar e . ^jjg 
lieves that the major factor involved in spacing the em a 

peristaltic contraction of the uterine muscle. He transfer 

recoil action against normal peristabis movement which allow 


of ova into the other uterine horn. mestic 

Attachment of blastocysts in the sow, as well as in other ° 
animals, is of an extremely loose nature, and some controve«y 
around the actual time and method of first attachment, re 
Winters (37) report that blastocysts of sheep are attached to e 
by means of an adhesive, mucinlike material at 10 days postcoi us. 
salt (81) disagrees with these workers. Though assumed jp 

species, a similar type of implantation has not been demons a 
other domestic animals. t, t a 

Winters et al. (82) and Green and Winters (36, 37) report 
loose attachment of the blastocyst occurs in the cow, ewe, an so 
about the 11th day. Davies (20), on the other hand, insbts that 
tachment occurs at about the 22nd day, when there is erosion o n' 
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nal tissue in the presence of the allantochorionic membrane. Melton 
et al. (63) and Chang (13) conclude that first attachment of the bovine 
embryo does not take place till the end of the first month; they describe 
it as a gradual process. Hammond (43), however, believes that some 
reaction between the embryo and endometrium is necessary in order 
to maintain the corpus luteum of pregnancy and that this reaction must 
take place before the normal time of atrophy of the cyclic corpus luteum 
(Chapter 7). This would suggest some form of attachment earlier than 
22 days and 30 days, as reported by Davies and Melton for the ewe and 
cow, respectively, 

B. Perissodaciyla 

Implantation does not occur in the mare for a period of about S 
weeks, at which time chorionic villi begin to penetrate into uterine sulci 
(31). Prior to this time, and in early periods of attachment, the chorion 
is held in apposition to the uterine mucosa by pressure of fetal fluids 
(90). By the 10th week, chorionic villi penetrate sulci and by the 14tli 
week [15.S cm. crown-rump length (C-R)], complete attachment is 
attained. 

C. Carnivora 

Blastocysts of carnivores become spaced equally throughout tlie 
lengths of the uterine horns, as in the sow. As a rule, the embryos lie 
antimesometrially with tile embryonic a.xis almost transverse to tile 
long axis of the uterine horn. In the cat, at about 13 days, implantation 
sites are visible as uterine swellings (locales: 9-10 mm. diameter), while 
in bitches these are visible at about 15 days postcoitus (2). In Carnivora 
implantation is of a central (superficial) type, as in the other domestic 
animals. Tlie blastocyst, attaining a large size, rests in the uterine cavity 
and comes into contact with uterine epithelium over most of its cir- 
cumference. Before cliorioamniolic folds form, attachment occurs 
through invasion of the uterine mucosa by villi from the vitellochorion 
(Fig. 1) (44). 

By the end of the implantation period two different placental regions 
may be recognized in Carnivora: (a) clioriovitcllinc placenta, which is 
applied to the mesomclri.al w.all of the implantation chamber; and (b) 
the chorionic, constituting the antimcsomelrial wall of the locular en- 
largement (Fig. 1), Both of these regions are involved later in forma- 
tion of the chorioallantoic placenta (Fig. 2). Tin's transformation is 
brought alroiit when vascular allantoic mesoderm reaches and inssidcs 
mesoderm of the chorion and vitellochorion (21-26, 33). 
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III. Yolk Sac and VriELLoaiomoN 

Considerable confusion exists in '““^'““^YnaTyik sac to 
yolk sac. Mossman (64) prefers to use *e j ^ bilaminar 

Lignate the trophoblastic sac endosmg *;^““7Sr‘\ophoblast. In 
yolk sae when endodem. lines the inner ^ desig- 

Lses where mesoderm insinuates between th ^ endodennal 

nated as trilaminar. We restrict the ‘<=™ .f " ' is the bi- 
membrane enclosing the archenteron. The wte 

laminar membrane formed when yolk-sae end ^,el,veen these 

closely apposed to trophoblast. When mesoderm g . The 

tsvo it can then be designated as the *rilnminar vi „ Morion 

ehoriovitelline placenta would be then for pur- 

membrane, fused or closely apposed to uterine endometrium 
poses of physiological exchange (Fig. 1). and 

If one adheres to strict definitions, the yolk sac of the sow, 



larly 


Fic. 1. Diagram of cross section ot the Carnivora uterine ^ .jgjjochor*®® 
implantation stage. Chorioamniolic folds (CAF) have not met. T e > 

(VC) is being converted to a trilamiirai vascular structure by invasion 
Note central (superficial) implantation widr the embrjo dorsum 
mesometrial (Ameso) quadrant. By permbsion of H. W. Mossman ( 

Carnegie Institution of Washington, Washington, D. C. 
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Key to LEXTEniNo on Figs. 1-8 


AC 

Allantochorionic membrane 

I Cot 

Intercotyledonary Area 

All 

Allantois 

LZ 

Labyrinthine Zone 

All Am 

Allantoamnion 

M 

Muscularis 

AUV 

Allantoic Vesicle 

MA 

Maternal Artery 

Am 

Amnion 

Meso 

Mesometrial 

Am C 

Amniotic Cavity 

MS 

Maternal Septa 

AmCh 

Amniochorion 

MV 

Maternal Vein 

Ameso 

Antimesometrial 

NT 

Necrotic Tip 

AmP 

Amniotic Pustule 

Ped 

Pedicle 

BL 

Broad Ligament 

PV 

Primary Villous 

CA 

Chorioallantois 

SmpI 

Somatopleure 

CAF 

Chorioamniotic Fold 

Spl 

Splanchnopleure 

Car 

Caruncle 

St 

Stroma 

Ch 

Chorion 

Synt 

Syncyb'otrophoblast 

ChV 

Chorionic Villi 

UE 

Uterine Epithelium 

Cot 

Cotyledon 

UGl 

Uterine Gland 

Cyt 

Cytotrophoblast 

UL 

Uterine Lumen 

Exo 

Exocoelom 

UmC 

Umbih'cal Cord 

FA 

Fetal Artery 

V 

Villous 

FV 

Fetal Vessel 

VC 

Vitellochorion 

GIZ 

Glandular Zone 

YSC 

Yolk Sac Cavity 

Hem 

Hematoma 


/ 



Fig. 2. Longitudinal section o£ Carnivora (bitch or cat) uterine loculc wlh a 
late fetus, showng Uic hematoma (Hem) and chorioallantoic placenta (CA) In 
diagrammatic detail. See also Fig. 8c. For key to lettering see legend to Fig. 1. 
By permission of H. W. Mossman (64) and the Carnegie Institution of Washington, 
Washington, D. C. 
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cow cannot be considered a placenta at maternal 

the embryo. It does not become closely (64-65). This 

tissue as it does in the dog, eat, mare, and J j aevelop- 

stmeture, however, does play a part in the ^ane, at 

mental stages in that “uterine milk passes thro g 
least passively if not actively. 

A. Artiodactyh 

Along with the precocious expansion of extending 

thesow,theendodermleng*ens andformsa appeal 

throughout the chorion and lightly fused to it. 
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outgro^vn by the allantois. By tlie 13th day in tlie ewe, one-third of 
the yolk-sac circumference is surrounded by extraembryonic coelom. At 
the 17th day, separation of the yolk sac from the chorion is complete; it 
is gradually pushed to one side by expansion of exocoelom, and by the 
2501 day is reduced to a solid rod of cells with a few blood vessels on 
its surface. It finally disappears before term (90). 

A vitelline circulation is initiated before the yolk sac severs its con- 
nection ^vith the chorion. Thus a choriovitelline placenta is established 
which may be functional till about the 17th day of pregnancy. 

B. Perissodactyla 

Splitting of extraembryonic mesoderm is never complete in the mare 
embryo. Thus, the yolk sac remains attached to the chorion in the 
antiembryonic region and never becomes an independent structure, as 
in the pig, cow, and sheep. Moreover, mesoderm does not completely 
invade the lower polar regions of the blastocyst until late in pregnancy. 
For a time, therefore, bilaminar vitellochorion is in apposition with 
uterine mucosa. In late stages, the yolk-sac connection is a slender one 
at the abembryonic pole and is of doubtful placental function (31). 

The trophoblastic wall of the chorionic vesicle at the end of the 3rd 
week in the mare differs from that of the pig, cow, and sheep. Within 
the confines of the sinus tenninalis it has columnar rather than cuboidal 
epithelium as in the artiodactyls. Outside the sinus are trophoblastic 
disks composed of groups of columnar cells which may help in attach- 
ment. Around the disks and circling the sinus tenninalis are columnar 
cells with saclike extensions. They probably lie opposite gland mouth 
openings and may be involved in taking up more sofid particles of 
“uterine milk” (histotrophe) (31). 

At the 5th week a band of the trophoblast, approximately 7 mm. 
wide and surrounding the equator of the chorionic sac, thickens. This 
ring adheres to the uterine wall and probably strengthens the vitello- 
chorionic attachment. 

At the end of the 6th week the allantois begins to fuse with the 
chorion and to extend into the tissue of the vitellochorionic membrane. 
Tiius, the yolk-sac membrane attachment to chorion diminishes and 
shifts from tiie equator to the poles of the chorionic sac. Hemopoiesis 
occurs in the yolk sac of the mare as in the pig. 

C. Carnivora 

In both the cat and dog, the yolk sac is completed while attacliment 
of tlie blastocyst with the maternal tissue is being effected (24-26). Tlie 
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yolk-sac cavity is at first vcr). large; indentation ^ 

*e embryo results in so-called "inromplcto „ separate 

The yollZsae is much reduced in later ““ "y be meog- 

and independent vesicle. Three S contact sv-ith the 

nized. In the first stage, endoderm of the >»lb ^ ^th the 

trophoblast throughout the extraeinbryon.e «g-°" is „oa- 

latter a bilaminor vitellochorion. Tire bilami In the 

vascular and is completed in both species , - ^ is replaced pro- 

second stage, the area of the bi arn.nar mesoderm 

gressively by the trilaminar vitellochonon “ the third 

advances betsvecn the endoderm and hophoblas . vessels 

Stage, this nonvascular trilaminar structure is inv / ocular chorio- 
from the area vasculosa and is thus transformc i 

vitelline placenta. This placenta is established m the Be- 

and at this time becomes the prineipal placental org ( g 
tween the 21st and 24th day, when esoeoelom “ ™ds m'" 
vasculosa and divides the vitellochonon XvitelUne pb' 

splanchnopleure and nonvascular somatopleure, the ^ho e 
cLta disappears. This process is not completed ^ with 

the vascular allantoic mesoderm has reached and ma« 
chorion to initiate allantochorionic circulation (SecUon IV ). 

In its finer structure, the choriovitelline . mucosa 

trophoblastic villi engaging the endometrium and penetrating 

a variable distance. Invasion of these fetal vilh by mablv by 

mains scanty. Degenerating epithelium is absorbed, presu ^ 
trophoblast for fetal nutrition (44). The mechanism ot epi 
strucBon underlying the vitellochorion needs invesrigation. 

The yolk sac persists until term as a svrinkled, highly vase , 

ture which is attached by its extremities to the chononic ^^jun 

It has a hemopoietic function as well as a possible role m 
(Fig. 2). 

IV. Amnion 

Two distinct methods of amnion formation occur in 
mals: by folding and by cavitation. The latter method is co 
more specialized (64). In domestic animals, the amnion o 

folding. ^ mbrvonic 

Shortly after the primitive streak stage in these species, e 
disc appears to be depressed slightly into the blastocyst. M 
somatopleure (chorionic ectoderm and somatic mesoderm) b« o . ^ 

perimeter of the embryo. The somatopleure then grows over the e 
oentripetally, whence the folds meet and fuse. Later, the ou er 
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of somatopleure (chorion) separates from the inner layer (amnion), 
although for a period of time a cordlike mass of tissue binds the chorion 
and amnion. Still later (sow, cow, and ewe) the amnion is apparently 
pushed against the chorion as a result of allantois expansion (Figs. 3, 4). 
At this time the amnion is closely applied to the embryo, but it later ex- 
pands and occupies a large area of the exocoelom and fuses with the 
chorion to form an amniochorionic membrane which may be vascular- 
ized by allantoic vessels. Accompanying amnion expansion, there is an 
increase in amniotic fluid volume. 



Fic. 4. Lon^tudinal section of embryonic sac of cow or e%\e. Note the fusion 
of amnion to the chonon and the necrotic bps (NT) of the allantochorion. Sec also 
Figs. 5, 6, and 8b. For key to letteruig sec legend to Fig. 1. 

Mossman (64) takes exception to the common statement that the 
amnion protects the embryo from shock and dehydration. He suggests 
that the amnion is primarily an adaptation to provide embiy’os of non- 
aquatic animals wtli an aquatic environment. He states, “In fact the 
amnion itself needs protection against just these things to insure its 
proper function.” Furtlier, he looks upon the amnion as a method of 
providing a liquid medium in which the delicate embryonic tissues and 
appendages can develop s)Tnmetrically, free from tlic distortions that 
would arise from being pressed by their weight against surrounding 
stniclurcs. Tlie amnion fluid lubricates the embryonic surfaces and thus 
prevents adhesions. 

A common feature \rithin the amnion of the sow, ewe, cow (50), and 
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the mare (70) are the hippomanes. These are 
may be present in the aUantoic or —c flu d , In^- 


may be present in the allantoic or auuuu^ -- 

divisible into ttvo areas: an outer soft, ^ globules, 

medullary part composed of grandar ^ ^feir deri- 

and degenerating blood corpuscles Schauder (70) s gg reported in 
vation from endometrial cups. To date these have not been repo 


carnivores. However, 

The amniotic membrane does not serve as a p * ^ yate 


The amniotic membrane does not serve .1:. ^ rate 

the amniotic fluid undergoes changes in *^etritus and 


the amnioUc Huid unnergoes ciiauges - detritus ai 

of water and sodium turnover. Also, it apparenUy , Us j 

maternal blood cells. Investigations nre needed to establis 
portance in fetal development and nutrition (10, 47). 


A. ArtiodactijU 

The blastocyst of the sow has nearly reached its 'begin 

and is contained in a uterine locule before the chorioammo c 
to enclose the developing embryo. In the sow embryo, 
somatopleure begin at the periphery of the emb^omc dis ] 
the first somite is formed and fuse over the dorsal region o 
in about the 10-somite stage (40). A remnant of the ^^ite) 

fusion, the amniotic umbilicus, is still present in the 5*nun. t 
pig and is tisually localized in the head region (64). ^ amnion 

ChorioamnioUc folds (somatopleure), which give rise o 
and chorion, begin about the 12th day in the ewe and^ ec 
nounced in the 13-day specimen, at which time the pnmi ' 

. . , . rr4 r.l l a Vitr ttlP 4-SOmite S 


nounced in the Id-day specimen, ai wjuuii ^ 

has started to form. These folds are not complete by the 4-somi 

- . , 1 j.t I. _ _i • j « — v.;nn nrft sBoaraie. 


has started to torm. inese loios are nui 

but by the end of the 14th day chorion and amnion are ^ 

this time the neural tube is closed back to the hind-gut region. 


allantois has formed and is growing laterally. ^ 

In the cow embryo, chorioamnioUc folds begin in the 141 


In the cow embryo, chorioamnioUc toios oegm lu uii. ptatioo 

arc completed sometime during the 18th day (82). If our inte^r 

tVsrt rlAcnrinl5nn« lyv Wtntnrc irt nl. ^82^ IS COITeCt, thC amhlOn 


arc COmpieiCU buiucumc uuiiug uio aowi •** — 

of the descriptions by Winters ct al. (82) is correct, the amnion^ 
at an earlier stage (presomite) in the cow than in the the 

By the S-somile stage, unquestionably, the amnion is completed a 
chorion separate from it. 

B. Femsodacfr/Ia ^ ^ 

Amnion formation in the marc embr)’o does not differ gross!) ^ 
that of artiodactyls. Cliorioamniotic folds begin about the I8l i 
somite stage) and arc fused al about the 21st day (20 somites). , 
. /« o .1 thr. head 


SWIIIIIV »»••<-* M.V. .....WU uv UW\,.UV v..«- y ^ 

early stages (8-8 weeks), the amnion is tightly applied to the head 
and less so around the ^dy of the cmhrj-o; at this time the amn 
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vesicle contains about 2 to 5 ml. of fluid. At terminal stages, the fluid 
volume increases 3 to 5 liters (42). Unlike the condition in artiodactyls, 
the allantois surrounds and fuses with the amnion to form a vascular 
aUantoamnion. 

Lining the inner border of the amnion are a number of protuberances 
(“amniotic pustules”) rich in glycogen. These are formed by amniotic 
ectoderm about the 10th week. Their function is not known (31). 

C. Camioora 

The mode of amnion formab'on in dogs and cats does not differ 
markedly from species of Artiodactyla and Perissodactyla. However, 
unlike these two orders, the amnion does not form amniotic pustules. 
The amnion remains free from the chorion after its initial separation 
and even though the amnion is surrounded by vascular allantois, these 
two membranes do not fuse as in the mare (44). Changes in amniotic 
fluid volume tluoughout gestation in the cat are discussed by Wislocki 
(85). 

V. Chorion, Allantois, Allantochoeion 
In the literature one finds the term “chorion” applied to many struc- 
tures, which are not homologous or even analogous. Mossman (64) ar- 
gues effectively for a more restricted use of the term "chorion." He 
prefers to designate the outer fetal membrane, composed of trophoblast 
and somatic mesoderm (somatopleure) as chorion. When this layer 
becomes vascularized by tlie allantois, it is designated as allantochorion. 
If. as happens in some species, only a part of the chorion is vascularized 
by allantois, that part is designated as allantochorion, and the remaining 
portion should retain the term chorion. Mossman sees no reason for not 
using the term "chorion” loosely as long as the writer makes clear his 
meaning. We shall use the term chorion in its meaning as suggested 
by Mossman. 

In some species the allantois grows out as a solid bud of tissue 
(primates, higher rodents), in wMdi case this structure serves only 
to vascularize the chorion. In the domestic animals, however, this struc- 
ture has a large central vesicle. In these, the allantois comes to occupy 
most of the exocoelom and fuses with amnion (aUantoamnion). In the 
sow it fuses with the chorion and amnion to form an allantoamnio- 
chorion (Fig. 3). 

Bremer (10) has shown that animals Nvith a large allantoic vesicle 
have large functional Wolffian bodies (mesonephros) and a relatively 
thick placental membrane (allantochorion). Tliis has been shorni to be 
true in the pig, cat, and sheep, and appears to be the condition of otlicr 
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species in the orders Arliodactyla. Pcrusodaclyla, an j 

sLk. however, needs to be done to dctcnnme the „„a 

rule (65). Gersh (33) questions Bremers thesis; see also \ 

Bennet (86). 


A. Artlodactyla 

Separation of the amnion from the chorion completes 


of 

mnioii iiuiii iiMi i occurs 

the definitive chorion. Further specialization of “ . 

during and following fusion of allantoic membrane to “ ^io„) 

The allantois in the 10-somite pig (time of fusion of 
is a small, crescent-shaped vesicle protruding from the hi -g 
embryo. The points of the crescent are directed h”™™ hy 

(cranial) end of the embryo. The allantois enlarges rapi y 
the 39-somite (5 mm. C-R) stage it is consider^y j .^5 in 

embryo and has an elaborate vascular pattern. The ^ nf the hvo 
contact with the chorion for some time before actual usion uggin 
layers takes place; at about the 7-mm. stage these ^vo mem r 
to fuse together. By the time the embryo reaches 15 mm. ,i ’ |.oi 5 is 
of the allantois to the chorion is completed. At tliis tirne chorion 

rounded at its ends and thus docs not extend into the tips o ajjnnlois 
(45). In later stages a constriction appears in the ends of ® jhougk 
which extend into the remaining exocoelom of the in the 

the ends of chorions of adjacent embryos may overlie e^h o 
constricted region of the uterus (behveen the locules) they do 
together. Rather, they become atrophic following constriction o a 


in these tips (Fig. 3) (46). 


I accommodation t 


In its early stages, the allanlochorion is folded in 
the rugae of the endometrium; later, villi from these folds 
fossae or crypts in the uterine mucosa and branch. Mesenc 
a rich vascular bed grow into these primary and secondary bra 
the allantochorion. Wislocld and Dempsey (87) suggest that tumes 
of these villi helps to anchor the placenta into position. 

Areolae, pits, and vesicles begin to appear on the outer j^g 

pig allantochorion at about the 12-nun. stage (30, 45, 80). The 
are composed of a circular fold of allantochorion directed towar 
epithelium and over gland mouths. Embedded in the mesenchym® 
underlying the cuboidal cells lining the central disks of the areo a 
rich venous plexi. _ 

In die 15-mm. C-R stage, areolae are about 1 mm. in diameter 
larger in diameter at mid-pregnancy. They may be either round _ 
in shape, with complex folds at their base (45). Epithelium lining ^ 
is composed chiefly of simple columnar cells, \vith small densely stam 
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basophilic nuclei and pale-staining cytoplasm. The numerous vacuoles 
in these cells contain a substance having similar staining properties to 
“uterine milk” (45) and they also contain concentrations of glycogen, 
iron, and phosphatase (87). 

The pits (irregular areolae), ranging from 1 to 15 times the diameter 
of the regular areolae, may be deep or shallow. Various number of folds 
and papillae project into tlieir cavity. Vesicles (cystlike structures) that 
invaginate toward the allantoic cavity, and which may not be connected 
by a duct to the surface, also appear in the allantochorion of the sow. 
These vesicles have a more basophilic-staining epitlielium than those 
which open to the surface and their function has not been investigated 
(45). 

The sequence of events in the formation of the chorion, allantois, 
and allantochorion are similar within the ruminant members of the 
artiodactyls, but differ from those in the sow. The ewe has been studied 
most. Thus, it ivill serve as the representative of the ruminants in the 
discussion of these membranes. Any attempt to relate time, stage, and 
age development of fetuses with fetal membrane development is a neatly 
impossible task, since different workers have used different designations 
to indicate stages and ages of fetuses (see Section VI). 

Separation of the amnion and chorion occurs between the 14th and 
15th day in the ewe. At this time the allantois is a small bifid sac extend- 
ing from the gut (37), but, according to Davies (20), the allantois does 
not appear until the 16th or 17th day, at which time the embryo has 
7 somites. At the 14-somite stage the allantois is 7 mm. long. At 23 
somites it is 12 mm. long and contains many areas of angioblastic ac- 
tivity. By the time the embryo is 5 mm. C-R, the allantois is 20 mm. 
long. In another embryo 5 mm. C-R (the twin of above), Davies in- 
dicates that the embryo has developed beyond its twin and that the 
allantois is 40 mm. long, richly vascular, and contains 3 ml. of fluid. In 
a 4 mm. C-R embryo developed sHll further than either twin, tlie allan- 
tois contains 7 ml, fluid and the allantois occupies one-half of the 
chorionic sac. 

Tlio allantois in sheep comes into apposition with the walls of the 
chorion by the 8-mm. stage and fusion is completed at the 10-mm. stage. 
Progressive fusion of tlie allantois in sheep occurs in a way similar to 
the pig (20). The chorion occupies both horns of the uterus at 14 days 
postcoitus (3). However, Green and Winters (37) report that the 
chorion only occupies three-fourths of one bom at 17 days. 

Development of the allantois and its fusion with the chorion is similar 
in the cow and sheep. Winters ct al. (82) states that the 22-day, 16-hour 
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bovine embryo and allantois are similar to the 16-day sheep 
According to Amoroso (2). the allantois fuses with the chonon a 
24th day in the pig, 22nd day in sheep, and 28th day in the cow. 

By the 4th week (21-28 days) postcoitus, the allantochonon occup 
both uterine horns of the ewe (Fig. 4). In the cow, 28 to 35 a)S p 
before this event occurs. , 

Even though tlie allantois of the pig, cow, and ewe A 

dimensions, it does not surround the amnion as in the m.Trc. a 
extends as trvo arms from the ventral urachus and pushes » 

amnion against the chorion. Tims the allantoic membrane is m con 



with the amnion (allantoamnion), chorion (allantochorion), A 
cumferentially surrounds the amniochorionic apposition or fusion ( & 


• the 

Necrosis occurs at the tips of the allantochorion in the ewe, 
sow, but is less severe in the cow. According to Jenkinson (50;, 
necrosis is due to the restricted blood supply in these regions. Hamino 
(42) believes that fusion of adjacent allantochorion of tNvin fet^®® ^ 
more likely in cows where necrosis is less severe than in the pig 
ewe. Thus the likelihood of crossed circulation is increased in the ^ 
The higher incidence of freemartins in cattle than in sheep 
supports Hammond’s contention. , 

Differentiation of the allantochorion in ruminants occurs when 
blood supply underlying the trophoblast increases. The nature of tn^ 
interaction between caruncles and fetal cotyledons has not been dele 
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mined. The membranous chorion of the ruminants is avillous and is 
smooth over most of its surface axcept where it comes into contact with 
carunculae to form the cotyledons (Figs. 5, 6, and 7). Areolaelike struc- 
tures form on the aUantochorion over gland moutlis. These are not as 
highly specialized as in tlie pig (81). 


AIIV 



Fig. 6. Diagrammatic representation of a cow placentome. Note that the 
caruncle is convex, the fetal cotyledonary tissue surrounds, and its villi invade the 
caruncle. For key to lettering see legend to Fig. 1. By permission of H. W. Moss- 
man (64) and the Carnegie Institution of Washington, Washington, D. C. 



Fig. 7. Chorioallantois of llic marc in the region of allantochorionic %’ini 
penetration ("cotyledon”). For key to lettering see legend to Fig. 1. By permission 
of H. W. Mossman (04) and the C.'imegle Institution of Washington, Washington, 
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Wimsatt (81) dmdes the developmental periods of these 
into three epochs. In the first (3rd to 7th week of gestation) 
invaginate as thickened placodes of trophoblast to form shallow ^ 
crypts. In the second epoch (7lh to 14th week) they are flatten ) 
the stretching of the chorion and attain their definitive 
the 3rd epoch (14th week to term), they become complexly o e 


B. PerissodactyJa 

Chorioamnionic folds are completed at about the 21st day of go® ^ 
tion in the mare. The allantois, like the amnion, is slow to deve 
compared to the pig, cow, and sheep. It is only a small j.y 

at the 21st day (compare \vith sheep and pig), but by the 28 
it completely surroimds the amnion and nearly smrounds the yo ' 
(31). By the 63rd day it has fused over the chorion and also ns 
over the amnion to form a vascular allantoamnion (2). ^ . . 

In its early stages, the allantochorion is smooth and folded into 
of uterine mucosa. About the 7th or 8th week, short, simple villi . 
over the middle segment of the chorionic sac. At term these are pro 
over the whole surface of the allantochorion, except at the 
the Fallopian tubes opposite the os uteri internum, and over endome 
cups. Wislocki (84) believes these avillous areas are associated ' 
relatively avascular zones of the chorion, while Mossman (64) 
that these are areas where stimulus of villi formation is lacking 
failure of the chorion to make contact wth uterine mucosa. Bonnet { ^ 
describes the arrangement of villi as cotyledons, since they 
groups and invade comparable areas of the uterine mucosa (FlS* 
The villi are branched as in the sheep. 


C. Carnivora 

Development of the chorion, allantois and allantochorion in the ^ o 
and cat is described in some detail by Bonnet (9), Bischoff (7), 

(24, 25, 26), and in textbooks; however, no recent English 
on either of these species is published. Wislocki and Dempsey ( 
discuss in detail the histochemical reactions in the cat, but do not rela 
their tests to time of embryonic or membrane development. . 

Before the allantois fuses with the chorion (13)^ days in the ca 
and 17 days in the bitch), die trophoblastic tissue of the vitellochorion^ 
membrane establishes invasive villi (17, 38). Chorioamniotic 
separate the dorsal aspect of the embryo from the uterine lumen 
die allantois fuses widi the chorion and after the choriovitelline 
is established. During its avascular period die chorion presumably ac 
as an absorptive membrane of histotrophe for fetal nutrition. 
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The allantois is large, as in the mare, sow, ewe, and cow, but en- 
closes the amnion as in the mare. The yolk sac is pressed and held 
against the chorion by the allantois and does not separate imtil term 
(Fig. 2). 

On the 18th day in the cat and 20th day in the dog, the allantois 
fuses with the chorion. Between the 13th and 18th day in the cat and 
17th and 20th day in the dog, chorionic trophoblast is thickened but 
avillous. AUantochorionic villi form after fusion with the chorion and 
become increasingly complex as gestation proceeds. 

Elongation of the allantochorionic sac takes place following forma- 
tion of the definitive chorion. The extended portion of the chorion 
though lined by allantois remains aviUous. Thus villi are restricted to 
a band of tissue about 45 to 50 mm. long girding the allantochorion in 
the region of the middle of the embryo. Villi of this region are com- 
plexly branched and invade deep into uterine mucosa (see Section Vl). 

VI. Chorioallantoic Placenta 

Since the chorioallantoic placenta is the major structure through 
which the embryo and fetus derive nutrients from the maternal organism 
and through which the metabolites pass, its structure and function hjive 
been studied extensively. However, many problems concerning the 
physiology, morphology, and interrelationships between the maternal 
(uterine mucosa) and fetal (allantochorion) tissues during different 
stages of fetal development need yet to be resolved. 

C/iorioaf/antoic pfacentas have 6een chssi£ed in a number of ways. 
One classification is based on the distribution of allantochorionic villi, 
e.g., diffuse, zonary, cotyledonary, or discoidal. A second method is 
based on whetlier maternal tissue is lost, retained, or resorbed at par- 
turition, such as deciduate, nondeciduatc, and contradeciduate. The 
advantages and disadvantages of these schemes are discussed at length 
by Mossman (64) and Amoroso (2). Other methods have been derived; 
however, the most useful method of classification from the standpoint 
of the taxonomist and physiologist is lliat devised by Grosser (40, 4l) 
and modified by Mossman (64). Grossefs scheme takes into account the 
degree of relationship between the fetal and maternal circulations. 
Embodied in tliis classification is an account of the number of tLssuc 
layers between the circulations and the extensiveness of invasion by 
allantochorionic will into the uterine mucosa (Table I, Fig. 8). 

Mossman (64) has used Grossers classification effectively to .show 
that deeper implantation, and invasivcncss of all.intochorion indicate 
greater specialization in a taxonomic sense. The ph}'siological .signifi- 
cance of this specialiration has not l>ccn determined. 
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Fig. 8, DiagrammaUc representations of tissue relationslilps between *”***'g^ 
and fetal tissues in the chorioallantoic placenta, (a) Epitheliochorial t>pe- 
also Table I. (b) Syndesmochorial type, (c) Endotheliochorial tjpe. 
blast (S)-nl) surrounds maternal capillaries. See Fig. 2. For key to 
legend to Fig. 1. By permission of II. W. Mossman (6-1) and the Carnegie In* ‘ 
tion of Washington, Washington, D. C. 
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The sow and mare have an epitheliochorial type of placenta (the 
more primitive); the ewe, cow, and goat have a syndesmochorial type, 
while the carnivores (dog and cat) have an endotheliochorial type 
(Table I). The still more specialized hemochorial and hemoendothelial 
types, in which the maternal vascular endothelium is lost, are not dis- 
cussed here since these types do not appear in domestic animals (Table 

I). 

In our consideration of the placental types in domestic animals both 
the maternal portion and fetal contribution are discussed in this order, 

A. Epitheliochorial Placenta 

This placental type is present in the sow, mare, donkey, and camel 
of the domestic animals. The allantochorion of these animals remains 
external to the endometrium and becomes apposed to it in a simple way 
(Fig. 8). Thus, at least six layers of tissue, and potentially the uterine 
lumen and its secretions, separate maternal and fetal blood. The endo- 
metrial relationship is nondeciduate and the gross shape is diffuse. 

The uterus of the sow, as in other mammals, is composed of three 
distinctly different tissue layers: the perimetrium (the outer connective 
tissue layer), myometrium (muscular layer), and endometrium (uterine 
mucosa) (Fig. 3). Although histological and morphological changes 
occur in the myometrium during gestation, changes in endometrium are 
more apparent and have been investigated more thoroughly. 

Superficially, the mucosa of the sow uterus is transversely folded and 
the epithelium overlying this layer is composed of simple and non- 
cilinted columnar cells. Gland tubules, which extend through the 
mucosa to the myometrium, arc lined witli columnar ciliated epitlielium. 
Although there are few gland tubules in the superficial layer, numerous 
fundic portions of the glands lie in the deeper layer and extend to the 
myometrium (16, 45). 

Gland cells are characterized by basophilic cytoplasm and numerous 
mitochondria (88). Also, they arc rich in phosphatase calcium, iron, 
and lipids; however, they contain little fat and no stainable glycogen 
(87). 

A series of excellent photomicrographs by Amoroso (2) show that 
in early pregnancy the uterine endometrium is composed of shallow 
folds which become deeper and more complex in later gestation. Com- 
parable nllantochorionic ridges fit into the fossae of the uterine mucosa. 
Interlocking of nllantochorionic and uterine folds together xvath tumes- 
cence of these tissues (through increased vascidarity) is adequate to 
nnclior the chorionic sac in the uterine lumen (-15, 87). 
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The questions of how closely apposed allantochorionic trop o 
is to the endometrial epithelium has been a diflacult one to 
cause fixation or. mechanical disturbance may separate the • 

Abramovich (1) describes an 80-ii thick layer of mucus between m 
tissues, but others do not support this finding (16, 45). 

Epithelial cells lining the folds and ridges of endornemi^ are 
cuboidal throughout gestation while trophoblast cells o e 
chorion change during pregnancy. Until the 3rd week these ce 
cuboidal. They form a syncytium in the 4th week after w 
become columnar. Later, the cells overlying allantochorionic ri ges ^ 
become cuboidal, squamous, or syncytial, while cells in the ossae 
columnar and have brush borders (for more detailed accounts o ^ 
histochemistry of the pig placenta, see Wislocki and Dempsey, 
Goldstein (34) has shown that fetal capillaries extend into the op 
blast layer and pass between the epithelial cells of the allanto 
Wislocki and Dempsey (87) suggest that even though fetal ^ 

may come to the surface of the allantochorion, each is surroun ® 
netNvork of argyrophilic fibers (Table I); thus, the “epithelioenw 
placental designation by Goldstein (34) in pigs is not valid- Ho"'' ^ 
in early stages of gestation (3-7 mm. C-R) although not so ^ 
later stages, protoplasmic extensions from the cuboidal g 

ridges of allantochorion extend between epithelial cells lining the o ^ 
of the endometrium. These extrusions and the brush borders on ^ _ 

nar cells at the base of allantochorionic villi suggest a closer 
ship between fetal and maternal tissue than is indicated by the epim 
chorial classification (87). , , 

The placenta of the mare like that of the sow is an epithelioc 
type, diffuse and nondeciduate. Its allantochorion is also m 
intimate apposition to the uterine mucosa in some parts than o ^ 
This placenta shares its function with a choriovitelline placenta ^ 
longer period of time, and attachment is completed relatively la 


the mare than in the sow. 

In early stages, the allantochorion follows the contours of the u e 
mucosa which is transversely folded as in the sow. Villi develop 
middle part of the allantochorion during the 7th week of gestation 
grow’ into fossae of the uterine mucosa. Villi of the mature g 

long, with a highly vascular mesenchymal core, and arc arranges 
circular pattern around gland mouths. The smooth circular area on 
allantochorion at the base of the circularly arranged primary 
been designated areolae. Croups of mature \iIH branch and ut 
pockets (fossae) of mucosa which are shaped to fit these clumps* 
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peculicir arrangement led Bonnet (9) to designate these as “cotyledons” 
(Fig 8) 

Epithelium of the uterine mucosa underlying the allantochononic 
viIJi IS squamous to low cuboidal and beneath this ciypt epithelium is a 
rich plexus of maternal capillaries (31) Elsewhere these cells are 
cuboidal or low columnar 

The placenta of the mare can be divided morphologically into thiee 
layers m the region of the “cotyledons” the allantochorion vith its 
mesenchyme and the base of the primary vilh, a labyrinth, which in- 
cludes the simple and interlocking branches of the allantochononic mIIi 
lying in fossae and surrounded by ridges of uterine mucosa, and finally, 
the glandular layer of the uterine mucosa overlying a thin layer of 
dense connective tissue next to the musculans (Fig 8) 

According to Assheton (3) and others, the inteiwillous areas of the 
allantochorion function as an absorptive region foi histotiophe while the 
highly vascular villi are involved in absorption of hematiophe 

A peculiar specialization in tlie mucosa of the pregnant maie is the 
“endometrial cups” (15) Schauder (70) first described them as occur- 
ring between the 6th and 20tli week of gestation and serving the func- 
tion of supplying “uterine milk” Cole and Goss (15), Day and Row- 
lands (20a), and Clegg ct al (13a), have shown that the) contain a 
high titer of gonadotropin (Chapter 3) 

The cups form in that part of tlie endometrium where the blood 
xessels from the umbilical cord branch and spread along the allantois 
This constant relationship between the blood ^essels of the allantois 
and the area of formation of the cups suggests that the developing 
placenta plays a role in the formation of the endometrial cups They aie 
formed in a semicircular area of the uterus and then size may range 
from several millimeters to 5 centimeters in diameter 

The endometrial cups form b) modification of the endometrium in 
the gravid uterus (13a) In the earl) stages they are modified folds 
that arc disbnguishecl from other folds by their pale appearance and 
the increased size of the lumens of the necks of the uterine glands Histo- 
logically, the cells lining the necks of the glands become polygonal and 
the cells of the stroma enlarge and become ‘dccidiiallikc ’ As the cup 
develops the central portion is depressed, the edges arc raised, and it is 
filled vv itli a coagulum containing degenerate epithelial colls, erv thro- 
evtes, poljmoqihonuclear leucocytes, and goindotropin In most cases 
secretion from the endometrial cup accumulates and causes a pouch to 
form in the allantochorion (Fig 9) Tlie size and numhcT of pouches 
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fovmed vary with individuals; in some cases the neck of the poach nia) 
constrict and isolate the secretion from the uterine lumen. ^ 

Because of the relationship of the allantochorion to endometria cup > 
some w orkers earlier suggested that the mare placenta might be an i ^ 
teimediate between the epitheliochorial and syndcsmochoria 
placentas. Until further work is done on other species, sue i as 
donkey and zebra, the taxonomic position of tlicse will remain 
answered. 



Fig. 9. Endometrial cup from marc (4) sacrificed on 103th clay of t'Hp 

Note the tremendous enlargement of tho lumens of the uterine glands in 
area. The cups are pendulous at this stage and represent a beginning stage ^ 
formation of an allantochorionic pouch. al.c., allantochorion; e.c.s., endoine r 
secretion; u.g.c., uterine glands in tup area, u.g., uterine glands oulsidc of cup 
Magnification; X 6. 


B. Syndesmochorial Placenta 

This type of placenta is found in ruminants and involves the 
appearance of uterine epitlieHiim over restricted or, in some cases, a b 
areas, thus allowing allantochorionic villi to come into contact ^ 
uterine stroma. Five tissue layers in this placental type lie between i 
and maternal circulation (Fig. 8). Tlie gross form of this type may 
cotyledonary or multiplex, with deciduate and nondcciduate arc.as. 
sheep the placenta has contrad^jidiiate areas. 
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Any discussion of this type of placenta must center around the 
cotyledon, its structure, and JFormation, as well as the ultimate relation- 
ship between maternal and fetal blood (Figs. 5, 6, and 8). 

Specialized circular areas of uterine mucosa in the uterine horns of 
the ewe, cow, and goat project into the uterine lumen. These projec- 
tions are properly designated caruncles or cotyledonary burrs (maternal 
cotyledons). If allantochorionic trophoblast becomes specialized over 
these areas and forms villi which invade the caruncle, the resulting 
structure is designated a placentome (22) (Figs. 5 and 6). Invading 
groups of allantochorionic villi are the cotyledon (fetal cotyledon). In 
recent literature it is a common practice to refer to the placentome as 
the cotyledon. This writer would prefer to retain the classic nomen- 
clature so that the reader will have clearly in mind the structure being 
discussed. 

The number of caruncles in different ruminants varies. The goat has 
160-180 (polycotyledonary), roe deer 4 or 6 (oligocotyledonary), while 
the sheep with 88-96 and Ae cow with 70-120 are intermediate (2, 14, 
67). These are arranged in four irregular rows in the gravid and non- 
gravid horn of sheep (14) and, in the cow, as a series of four rows in 
the body, three in the middle of tlie uterine horns, and hvo in its ex- 
tremities (42). 

Since fetal cotyledons necessarily form over the caruncles, they, too, 
will tend to be in an alignment; however, not all caruncles are invaded 
by chorionic villi. Thus the placentome number is usually less than the 
number of caruncles, 

Behveen the specialized areas (caruncles) of the uterine mucosa are 
the intercaruncular spaces. The caruncles increase in size during preg- 
nancy and are largest in a region dorsal to the embryo. Shapes of tlie 
caruncles differ in the various ruminants. They are nearly closed con- 
cave in sheep (Fig. 5), open concave in the goat, and convex in tlie 
cow (Fig. 6), Tlie caruncles are nonglandular and lined with tall 
columnar cells with basal nuclei. Epithelial cells of the intercaruncular 
area are somewhat lower than over tlie caruncles. According to Ellen- 
berger and Baum (29), these cells are ciliated in the young animals 
but this characteristic is not present in the mature animal. Glands open- 
ing into the uterine cavity are long, coiled, tubular, and branched at 
their base. Tliey decrease in number toward the cervix (2). * 

Pigments arc often found in the uterine mucosa and oviducts of ewes 
and may even be present in fetal Jambs. Tliis pigmentation, according to 
Grant (35), is due to the presence of "true” mclanoblasts. No functional 
significance has been attributed to them. 
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The core of caruncles is composed of stroma in which numerous 
maternal capillaries enter at right angles to the endometrium. 

Thickening of allantochorionic trophohlast overlying Ae 
is the first indication of cotyledon formation in sheep ( l7th ^^yi’ 
is followed by degeneration of uterine epithelium which, accor S 
Assheton (3), does not regenerate but is replaced jg* 

nucleate cells of fetal origin. Up to this time and until e ^ 
the allantochorion is held in position against uterine mucosa y 
of fetal fluids. Fetal villi begin to penetrate the caruncles at the 
day and by the 44th day convex cotyledons fit into the^ concavi e 
the caruncle to form the initial placentome. The 
is completed by the 78th day, at which time the periphera 
the caruncle curl inward, thus binding tightly the enclosed coty 

(Fig. 5). -the 

In the cow, according to Hammond (42), invasion of villi 
allantochorion begins at about 30 days postcoitus and is comp etc 
tween the 3rd and 4th months. Before the end of the 2nd to 

epithelium of the entire caruncle is gone and chorionic vilH 
branch and penetrate into fossae and surround ridges of matema 
of the caruncle. By 90 days the cotyledon is fully mature; attemp 
separate the cotyledon and caruncle result in tearing of fetal an 
tcmal tissue. 

ng invasion 

of allantochorionic villi is unknown. In the ewe and cow, _ 

- m a lays* 
nal 


The method by which uterine tissue is destroyed during 
: allantochorionic villi is unknown. In the ewe and cow, bm* 
cells of chorionic origin migrate into uterine stroma and form n ; , 


under the uterine epithelium. These cells reportedly engulf malorn 
epithelium (64). 

Along with degeneration and subsequent loss of uterine 
in the caruncular region, a similar process occurs in the intercarun 
epitlielium, except around gland mouths. Gland secretion may pre' 
close adherence of trophohlast in these regions and thus 
cpilhelmm from destruction by binucleate cells of fetal origin (2, 44/- ^ 
Begencration of uterine epithelium may occur in both the cm' 
ewe over most of the intercaruncular area. This phenomenon raises 
unanswered question as to the origin of these cells. If, as .g 

(42) states, they arc not true epithelial cells “Tjut consist of 
tissue, plasma, or lamella cells . . . which tend to congregate . 

abraded surface" then they arc of maternal origin and thus ^ 

sUtutc an epitheliochorial placental type. Regardless of origin of ’ 
cells, there would l>c at the lips of the villi six layers of tissue bet" 
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maternal and fetal circulation rather than five (Table I). This whole 
problem needs further investigation (64), 

C. Endotheliochorial Placenta 

In this placental type, allantochorionic epithelium is in apposition 
to endothelium o£ maternal vessels. It is the characteristic placenta of 
Carnivora but is also present in species of other orders (Insectivora, 
some chiropterans, and sloths of Edentata). 

Prior to implantation, the mucosa of the dog and cat becomes ex- 
tensively folded and uterine gland lumina dilate. Associated Nvith these 
changes is a thinning of uterine epitbehum and increased secretory 
activity by the glandular epithelium. As a result of glandular growth 
the uterine mucosa can be divided into two zones; an outer compact 
and an inner spongy zone (Fig. 2), The compact zone is composed 
of many glands and tubules which are crowded together thus constrict- 
ing stroma while the spongy zone results from widening of the lumina 
of the more sparse fundic portions of deeper glands. These glands ex- 
tend to the muscularis (44), The glandular secretions are less fluid 
than in ungulates and degenerate glandular epithelium is more con- 
centrated in tlie histotrophe of the dog and cat (55). 

Invasion of the mucosa by allantochorionic villi is restricted to a 
band in the middle of the implantation chamber. In this region uterine 
epithelium is destroyed, and solid villi penetrate into the exposed stroma 
at about the 13th or 14th day in the cat (39) and 16tli to 17th day in 
the greyhound bitch (2). Vilii also pentrate into gland lumina and 
crypts as well as between epithehal cells that remain (24, 44, 75). 

Uterine epitiielial cells during implantation Jose ri}eir outlines and 
form a symplasma consisting of a homogenous mass of protoplasm in 
which lie fragmented nuclei (8). When broadly interpreted, the sym- 
plasma consists of glandular epithelium, connective tissue cells, as well 
as extravasated blood. Bonnet (8) believes that syncytium should re- 
main as a designation of an active protoplasmic condition; thus, in 
Carnivora, uterine epithelium during implantation is symplastic rather 
than syncytial. 

Enlargement and proliferation of mucosal cells (decidual reaction) 
and enlargement of maternal blood and l)Tnph vessels are associated 
with penetration of villi. 

After fusion of allantois to the chorion (18tli day in the cat and 20th 
day in the dog) priraarj'^ villi of the <4iorfon begin rapid growth soon 
surpassing choriovitellinc growth (Section II) and penetrate deeply into 
uterine mucosa. Tlie primary villi give off secondar\» and tertinrj' 
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branches when allantoic vessels grow into the core of the vilh. I ^ 
path of penetration the uterine symplasma is absorbed presuina y / 
the trophoblastic cells. The viUus epithelium becomes sync^al 
cytiotrophoblast) except at the tips where it remains cellular. 
penetrate everywhere into the mucosa, in which all but matema 
lary endothelium disappears (24, 44). j iv m this 

By the end of the first month, the placenta is mature and tro 
date changes are merely elaborations of the already definitive p a 
In its maturation, villi penetrate through the more superficia 
zone and thence into the spongy zone of the uterine mucosa ( ^ 

Symplasma forms ahead of the villous lips and is subsequently a _ 

Villi finally come to lie in the interglandular septa of the spongy 
The more superficial and complex portion of the labyTinthine 
placenta forms as a result of villi with their mesenchyme eve op o 
as a network of fetal tissue around the maternal vessels (44). . 

Near term, the placental labyrinth in cats extends to the deep 
lar or spongy zone of the uterine mucosa (see Fig. 15.32 
thus the labyrinth comprises most of the placental thickness, n ^ 
the spongy layer is about one-third the height of the placental a > 


near term. . . 

The labyrinth of the dog and cat differ further in that 
in the dog is lobular and its lamellae are elaborately branched 
disposed more or less vertically; in the cat, each lobule is forme 
the adjacent trophoblastic layers of t\vo primary villi enclosing a 
nal matrix in which are situated the relatively thin-walled ma 
capillaries. pp 

A characteristic feature of the placenta in Carnivora is the pr^ 
of a hematoma formed from extravasion of maternal blood eit 
the border or central portion of the placenta (Fig. 2). In dogs^^ ni'^' 
pigment "utcroverdin” appears in the marginal hematoma. This 
ment, the result of hemoglobin breakdown, has resulted in the use o 
term Tordures vertes” (green border) in naming the 
dogs (24-26). In the cat, the green pigment appears early but in 
stages of gestation the hematoma takes on a bro\v’n color thus 
browm border. Hemorrhages occur more irregularly in tlic cat th 
the dog (44). ^ 

Depressions in the allnntochorion (pockets) overlie cxtraN 
maternal bloo<l. Some workers believe tliesc pockets result 
pressure of the cxlravasalcd maternal blood pushing the allantoc 
away from the mucosa. Villi from the allantochorion dip into » ^ 
pocCcts and absorb Its fluid constituents and engulf, by phagoc) 
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the larger particles such as erythrocytes (44). Cells lining these villi 
are columnar. 

Vesicles in the allantochorion lined by trophoblast are found in tlie 
cat. As they contain a brown coagulum, these vesicles have been termed 
supernumerary "pockets.” Because they are vascular and have vacuo- 
lated epithelium similar to the villi of the brown border (65), they con- 
stitute an apparatus obviously similar to the marginal hematoma. 

Structures in the paraplacental region of the chorion, called “rosettes,” 
are light-staining, raised areas related to the mouths of uterine glands. 
These areas may vary from single to many swollen, columnar trophoblast 
cells. They are present in the dog*s chorion until term, and doubtless 
correspond to irregular areolae of the pig and other ungulates (2). A 
detailed discussion of the histochemistry of the placenta of the cat and 
dog are found in papers by Kolster (55), Wislocki and Key (88), and 
Wislocld and Dempsey (87). 

VII. Aging and Fetal Development 

With the exception of the pig, studies on prenatal development of 
farm animals have received very little attention. The need for such 
studies becomes apparent when one wishes to evaluate normal variations, 
to make comparisons between species, and to understand better the 
specific effects of environmental factors in the development of embryos 
or fetuses in utero. In these studies, it is often necessary to estimate 
accurately the ages of embryos or fetuses, even though fertilization 
time may not be Jcno^vn. 

Following fertilization of an ovum, a series of predictable events 
follow in an orderly sequence whicli culminates in a fully formed 
organism characteristic of its parental species. As the embryo develops 
from the one-celled stage to its complex fetal form, the number of struc- 
tural arrangements which could be used to characterize each period of 
development increases progressively. If one were to classify eacli stage 
of development according to each morphological change, tlie number of 
stages would become nearly infinite and thus of little value to the 
worker. A satisfactory method for classifying embryos or fetuses of 
domestic animals as to age or stage of development has not yet been 
derived. To be of maximum value, descriptions and measurements 
must be made according to standard methodsj parameters set for each 
stage should be useful to tlie comparative and experimental embryolo- 
gist as well as tlie morphologist 

Mall (60) realized the disadvantages of aging and staging cmhrj’os 
on the basis of length, as indicated by his statement “In the course 
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of time it will be possible to arrange human embryos 

mitting a comparison of the structures of embryos o ® | jj, 

He was at that time of the opinion that embryos ® 

stages based on their external form. Streeter (76). with nev 

with a mote complete series of human embryos, attemp e o 

MaU’s work to conclusion. At this time Streeter introduce ^ 

“horizon” to emphasize the importance of thinking of the jy 

a living organism which progresses from the smaller and sunp 

larger and more complex. He divides the 


larger anu more eumpioA. ^ « frnm the 

periods, embryonic and fetal. The embryonic period, e^ten ing 
cir,fTU.nf.llprl f>aa tn the time of evelid closure, is divided into zo 6 


single-celled egg to the time of eyelid closure, is divided into 
Stages I-VII describe the ovum, cleavage, blastocyst, implan a . 
nature of the yolk sac and chorion; stages VIII-XIII desen e 
differentiation of the germ disk, somite number, jon of 

tcmal structures (ectodermal derivatives), as well as differen , ^ 
tissues and organs; finally, stages XIII-XXIII describe^ *e 
of embryonic development A detailed exposition of the indivi u 
is not possible in the space allotted for this chapter. 


Following eyelid closure, the embryo, for 
sidered a fetus until parturition. According to Streeter (76). , 


siaerea a tetus unm parmnuon. Accorumg lu x--,. jleauat® 

increment in growth and weight is large enough to provide 
index of relative development,” in humans. The validity of * 
and whether other criteria, such as hair follicle developmen , ^ . 

and ossification rate of bones, might be used more effective y n =» 


fetuses to term must await further investigations. g. 

Winters ct ol. (82, 83) and Green and Winters (37) divide 
natal period of tlie owe and cow, respectively, into the ovum, cm 
and fetal periods. Tlie ovum period extends from fertilization 
ment; the cmbrj’onic period comprises the interval during 'v i , 


major tissues, organs, and Uie systems are formed; and the 
includes the intrauterine time after the organs are well form • ^ 


general classification, used in domestic animal cmbiyolog)', 

Ur\- «r cf..,iJoc ;« *1,;^ n«i,i t« wnrds. tlie ncccss ; 


lack of exhaustive studies in this field. In other words, tlie nc 
criteria arc lacking to define precise developmental periods in u® 
animals to arrange embryos or fetuses according to age. 

Before licginning a study on the growth or aging of 
fetuses, reference should lie made to the work on humans ( » , 

70-78), on frogs (73), on Uic chick (50), on sheep (5, 14), on t ic 
(42). and on the dog and cat (24-26). g]l 

Since dcs-clopmcnt of the o\aim, embryo, and fetus arc 
cutherian m.immals, one can follow the excellent work on pig cm . 
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ogy by Patten (66a) for an approach to the various “horizons” in em- 
bryonic and fetal development wludi may be useful m stagmg and aging 
studies of domestic animals 

Because of tlieir convemence, hnear and circumferential measure- 
ments used extensively in postnatal growth studies have hkewise been 
apphed to investigations on prenatal growth, tliey have also been used 
as a cntenon of embryonic or fetal age Unfortunately, measurements 
taken by different workers and in different laboratories have been too 
variable to be of value elsewhere Embryos of comparable size and the 
same age may also be in different developmental stages (see Section 
V, A) In studies necessitatmg the determmation of the age at fetal 
death tn tifcro, the embryo or fetus undergoes partial resorption and de- 
generation Thus, the length, weight, and volumetnc measurements are 
unacceptable as criteria of age Consequently, it becomes necessary to 
use structures that are resorbed at a slow rate In this writers ex- 
perience, some of these would be cartilage and ossification centers (5), 
pinna of the ear, stage of appendage differentiabon (such as tail and 
limb buds) In the early embryo, giU slits and the state of eye and ear 
differentiation are recognizable m early stages of resorption We do not 
know to what extent external and internal structures are retained, or 
to what extent fetal membranes degenerate or develop followmg fetal 
death This field remams to be explored 

In some experiments on pregnant animals, fetal size and birth weights 
have been used as criteria of the experimental effects on the embryo 
and fetus However, MacDowell et al (58), usmg pure strains and ac- 
curately determmed gestation ages m rats, found a considerable varia- 
tion in weights and sizes of fetuses Earher, Fitch et al (32) found a 
significant difference in birth weight, size, and ratio of calf to maternal 
weight in four different milk breeds of cattle Embryo and fetal growth 
within the usual experimental condibons are independent of the extra- 
utenne environment, however, maternal matunty (m age) is related 
to an increase m fetal and parturient weight and size in cows (27, 28, 
32), in rats (22, 53), in pigs (57, 71), and in sheep (21) A number 
of investigations have shown that as litter size increases there is a de- 
crease in fetal and parturient weight and lengtli in sheep (66) and in 
pigs (71) Further, it has been shown tliat the birth weight of the 
male exceeds that of the female in humans (36), in sheep (21), in cows 
(32), and m pigs (71) This sex difference has been shown to express 
itself as early as the find month m cattle (4, 52) It becomes apparent 
that use of weight or size as an index of fetal age must take into account 
a number of factors breed and strain, maternal age, and litter size, as 
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well as the genetic effects of the sire. Evidence is /-rn 

shows that sLson of breeding may be correlated ^v^th ^1 weig 

The existence of adequate aging standards of 

of the various domesUc animals would make availahle fo 
prenatal growth the abundance of material from the vnrmus stag 

Luses. Our present knowledge of ^Xonfinns 

been gained by studies on small laboratory animals, ttis j^olv 

the graerally held view that fetal growth does not differ qu 
from postnatal growth (23, 58, 74). 

Prenatal growth studies in domestic animals arc sea 
literature and are based on inadequate material. Most 
not defined carefully their techniques of measurements and n ^ 

weight and length of the embryo or fetus as criteria o age. I^g 

comprehensive table on prenatal growth in domestic anima s c 

compiled at this time. j nf (Tro^vth 

Enough work has been done, however, to indicate trends b 
in weight length, and some other dimensions 


As the fetus ages (time) there is an orderly addition o " , -gj 
and tissues, and as a result of the growth of its parts the e 
in its dimensions. As the dimensions increase in size, me ^ 
necessarily increase. Consequently, one is not surprised to n 
tionship between age, weight, and changes in length or e 
dimensions (Fig. 10). . . n4) 

Curson and Malan (18), Winters and Fueffel (83), and Clo^t 
show that when weight is plotted against age in sheep fetuses 
is a smooth logarithmic curve. This has been shown to e . 
other species as well; human (48), guinea pig (23), and igysl.-)' 

Brody (11) (on rats, guinea pig, chick, and man) and jf 
and Larchin (54) (on cattle) have indicated that there are^ 
in fetal growth rates. However, these workers have been criticiz 
their view because of insufficient quantitative data (14, 83). 

.. . . «T. . ..n fofol tn 


cclh 


eir view because or insumcieni quantitative aaia ^ j.-*, ^ 
Cloette (14) stales, “It is possible to express all fetal grow 


v^ioette stares, it is possioie to express un o i I 

by the same general formula, the constants of which have on 
adjusted for each species.” He used the following formula on 
of Merino sheep to designate the instantaneous relative gro' 

(K) in weight; 

1°&» '"^2 — loge “'''i 


* ” ^ , ye- 

where Wj and Wi are the fetal weights at the ages Tj and Ti 
spcclively. Application of this formula to data collected on cow 
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by Rorik (67), Bcrgmann (6), Hammond (42), and Winters ct ah (82) 
results in an agc-wciglit cuive similar to that of sheep (14). 

A number of linear and circumferential measurements on fetuses 
have been made with varying success in an attempt to describe prenatal 
growth and to relate these to age. Some of these are illustrated in Fig. 
9. Most of tliese arc modified from the preferred measurements used 
on human fetuses ns first described by Mall (60) and later elaborated 
on by Schultze (72). 



Fic. 10. Sheep embryo Illustrating some dimensions used for aging and growth 
studies. CR {cro\vn-rump); CVR (curved cro\vn-rump), VR (vertebral column 
length), VRT (vertebral column length, including the tail), BCVRT (total length). 

In primates the crown-rump (C-R) or sitting height is the basic 
linear measurement. Because of the morphological difference behveen 
primates and other mammals (such as the elongated neck and tail) 
various modifications of this measurement have been devised. Some of 
die more common are poll to base of tail, forehead to base of tail, nose- 
anus length (18, 43). Use of these measurements have been criticized, 
since neck length may be extremely variable and easily changed by 
manipulation of the fetus (14, 22). Cloette (14), through use of careful 
and standard techniques applied to Merino sheep fetuses, showed that 
the curve of an instantaneous growth rate (crown-rump) is smooth and 
without “breaks” and similar to the weight curve. He further found the 
coefficient of variation to be 7.51% for this measurement when compared 
to age. Winters et al. (82) found a similar curve for bovine fetuses. 

Curson and Malan (19) introduced a curved crown-rump dimen- 
sional measurement which followed the dorsal contours of the body. 
These workers were aware that this measurement gave a less satisfactory 
“fit” dian did the straight crown-rump measure. Cloette (14) also found 
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this to be true in his work on Merino sheep (coefficient of variation, 

“■^A modification of Mall's (60) vertebral “J;'™., 

(length of the entire vertebral column, including the tai ) p 
the most satisfactory measurement in Clocttes work. 

formula! mASRa 

kg, V.C. = 4.3948 kg, age - 03949 (kg, age)- - • 

When tested for significance, this gave a „ suffideiit 

of P = 0.01 with a eoefficient of variation at 3.8fc. wne 
data are plotted and represented by curves of the second ‘^6 ’ 

are no breaks. Winters and Fuelfel (83) and ' , "ujg god 

that the contour length (a measure from the tip of the ^ 

of the tail following the body eontour ) was the most sa s ,}.ers 

ure of growth from the somite through fetal stages. i uggaiisc 
did not apply statistical tests to their measurements, / efflbrY® 

they lacked adequate numbers. Both groups conclude a 
with similar measurements may be of a different age ^ntiation- 

is not necessarily indicative of different degrees of di er 
Winters et al (82) further conclude “Because of the j^ost 

measures such as weight, length, volume ...» appearance is^ qiqqUb 
valuable single measure for comparison of prenatal specimens, 

(14), following Scammon (69), constructed a normograph ^]yy 
sheep from which age can be determined with reasonable accu 
use of a number of dimensional measurements. rmarent 

In our revie\v of the literature, it became more and more 
that, to date, we lack adequate quantitative data for a detai e ^ 
of the prenatal existence of domestic animals. However, papers 
above may act as guides to future investigations. 
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I. Introduction 

Pregnancy implies the complex of events that supervene 
time an ovum is fertilized to the expulsion of the fetus an 
branes. It usually comprises a lengthy time span in the 
animal. In some aspects it engenders mutually antagonistic r 
between mother and fetus, but in most others it appears as a jjjjm 
in the highest degree adaptive in kind, enforcing on the join o 
its own states of equilibrium or homeostasis. These adaptations 
be mediated by endocrine secretions, even where critical stages 
triggering by the nervous system. ^ s of 

Pregnancy presupposes fertility: the production or ova; m ^ 
competent sperm with successful fertilization, and an anatomica y ^ 
mal genital tract. The number of ova shed is largely 
species, though it may be modified by treatment with gona 
hormones (172). In the rat (35) and bovine (164, 185, the 

lation is readily induced. 'Wien numerous ova are receive 
uterus, they are at first randomly scattered by uterine agitation, 
developing blastocysts are spaced out evenly by a mechanism , 21 ). 
to local distention in a uterus under the influence of progesterone 
Not infrequently, the number of fetuses that develop to 
than the number of ova shed. Fetal wastage was studied in 
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rabbit (23), where some 10% of ova are lost before implantation and 
not less than 35% of the litters tliat survive implantation are lost in toto. 
Embryos are also lost in litters that survive. Tliere is comparable pre- 
natal mortality in the large litters of the pig (113, 156) and in the sheep 
(59), and certainly frequent outright loss where one fetus is normally 
produced. Complex genetic, nutritional, and hormonal factors are prob- 
ably involved. 

During pregnancy, the uterus progressively adapts to the gro^ving 
fetuses with their membranes and fluid contents. The basis of this 
adjustment is obscure, although the thesis that stretching by the con- 
ceptus is the stimulus for growth has been proposed (162). That this 
process is at least conditioned by hormones is shown by the growth 
undergone by a sterile uterine horn in die environment of a fertile one. 

At a predetermined time in development, fetus and placenta are born, 
and the uterus thereupon involutes (Section ILA.5.). The immediately 
succeeding period of lactation, with suclcling or milking, is one of 
lowered fertility, ^vith irregularity of estrus and frequent failure of ovula- 
tion, which have been well observed in domestic forms (123, 186). 

The material and energetic changes tliat occur behveen mother and 
fetus were the subject of Newton’s classic account (143). The objective 
of tlie present chapter is to examine the endocrine correlates of preg- 
nancy. Section 11 deals with mechanisms which many animals appear to 
have in common, projected where necessary from common laboratory 
forms to domestic animals. Section III takes up some aspects in which 
the domestic forms have been the main focus of interest. While no 
absence of generality is necessarily implied by tliis division, it has 
become apparent tliat the same ends may be served by disparate endo- 
crinological means. 

A largely descriptive account of hormonal relationships should be 
tempered to the goal of defining hormonal "action" (114); this is 
attempted in a modest, if personal, way. Tlie article of Hechter (85) 
provides a further point of view and an excellent critique of current 
h)pothescs. 

II. General Endocrine Mechanisms in Precnanc\' 

A. Matcnwl Endocrine Functions 
1, The Ovaries of Prcgnanci/ 

In the presence of fertilized and implanting ova, cliangcs occur in 
the ovar}' which in general define its character for the remainder of the 
gestation period. Corpora liilca, which nonnally would regress, arc 
slahili/cd as corpora luten of pregnane}’; these may be consideniblv 
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larger than the corpora of the estrous c>’cle, expected 

are not greatly altered (136). Follicles which then., 

to enlarge with the onset of another (^c c are i ’ modification, 

estrus itself. These statements arc subject to entire 

The life span of the corpus luteum of > „ ^ahle 103)- 

gestation period or only a part of it (see re e ’^ore periods 

Suppression of the estrous cycle may be coniph: ’ ; -je, corpus 

of heat may recur. In the mare, the m. bal. 

luteum is Short-hved hut a multiple scimnd eluding mechan- 

The precise interplay of hormonal and other favors, jlought to 

ical ones, necessary for ovulation is unloiown. e hormones- 

ovulation by the action of a pituitary gonadotropic hom „duce a 

Besides causing follicular growth and antra formatio ■ 1 ‘ g tissue 

marhed vascular hyperemia, and changes in the ovarian FoUide 

stroma which may favor follicle growth and J"Zough the 

and thecal elements are transformed into a co^us lute secretion 

acUon of the luteinizing hormone, and it is mferred , hegun- 

of progesterone begins promptly, if indeed it has not , , ^^^j^eted 
There are numerous indications that progesterone, qJ ovula- 

by granulosal cells, may be intimately involved in the pr corP^ 

tion itself (6, 80, 139, 153). The continued the 

luteum has been ascribed to stimulation by a third 62,1^’ 

gonadotropic complex which may be identical with prolac n v 
but cf. reference W). . ^ specie* 

Estrogens continue to be secreted throughout gesta on author 


Estrogens continue to oe secreieo inrougiiuui 
studied. In the opinion of Wilschi (199), wth which the pre ^^,3 

is disposed to agree, ovarian estrogen is a secretion^ o ^ mal® 
luteal cells. Androgens are abo normally present in fte e . ^ 

. T . _ 'IT ........ Vvo onn^iderec 


luteal cells. Androgens are abo normally present m ^ . 

may increase during pregnancy. They may be considere ‘ ,gi) 
product of the ovarian medulla (146), in view of Hills expen 
on the androgenic potentiality of the ovaries. ^ honnoDe i* 

a. Endocrine Role of Estrogen. An ovarian estrogenic 
dominant at the time of fertilization, and it b upon ^ Jdlo^ 

by estrogen that progesterone acts. Estrogen produces 
and growth (hyperplasia) of the epithelial celb and glan .Qsin. 

tures of the genital tract (1); water uptake (7); synthesis o ac^ ^epod' 
the contractile protein of uterine smooth muscle (46); 
tion in the circular and longitudinal muscle celb of ihe uterus t ^ 
in the muscle celb of vesseb; changes in epithelial alkaline p o 
(10); disaggregation of connective tissue ground substance ^ uteru* 
in water soluble mucoprolrin (135). The estrogen-stimula e 
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takes up vital dyes, a phenomenon interpreted as indicating increased 
vascular permeability (86) or ground substance change (71). Endo- 
metrial ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and suc- 
cinoxidase are also increased (183). A critical review (181) examines 
the role of estrogens and other steroids in uterine metabolism. 

h. Endocrine Role of Trogesterone. Progesterone imposes a quali- 
tative change in the development of the uterus prepared by estrogen, 
a change already perfectly appreciated by Marshall in 1910 (127). An 
enormous complication, Ae progestational proliferation, occurs in the 
glandular structure (93). The uterus is less hyperemic than after estro- 
gen; glands are dilated and deeply inserted into the submucosa and 
may be coiled, as in the ewe (15, 40). Cells of the mucosa are more 
columnar, and mitoses, if any, are rare. The progestational reaction in 
the rat is accompanied by an increase in endometrial carbonic anhydrase 
(117) of unknown significance. Progesterone may modify the action of 
estrogen on the myometrium by altering the permeability to potassium 
of the muscle cell membrane (46). 

The inhibition of estrus and ovulation in pregnancy is usually attrib- 
uted to progesterone, acting to suppress pituitary hormones responsible 
for follicular growth. This undoubtedly is a simplification of a still 
obscure process involving both local and humoral factors. Certainly a 
role of estrogen, well known to inhibit the production and output of 
pituitary gonadotropin, may be entertained. 

c. Nidation, Pscudopregnancij. The normal effective stimulus to the 
preparation of an impfanfatibn si'fe is the blastocyst, which lies free in 
the uterus for a variable time, from a few days in rodents to upward of 
40 days in the cow and mare, and then attaches at the future placenta] 
site. Grow'th of the blastocyst depends on the presence of progesterone 
(44). Progestational proliferation provides increased uterine surface 
and increased glandular activity, and may direct implantation through 
chemotactic secretions arising from epithelial cells under the influence of 
progesterone (18). 

False, or pseudopregnancy is a normal phase of the cycle of tlie dog 
and marsupial cat, where the corpus luleum of the cycle persists and 
becomes actively functional. In oUier forms, mechanical stimulation of 
the genitalia, electroshock, drugs, or sterile mating may artificially induce 
ovulation and corpus luteum formation. Pseudopregnancy results in the 
adoption of the habitus of pregnane^’ in the dog and rabbit, and is 
normally terminated by breakdown of llie proliferated uterus witli some 
bleeding. It may be induced in castrated females by the use of estrogen 
and pmgesterone in optimal proportions and amounts (47). Progcslcr- 
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3 by itself is inei^ouve. ^i~ 


When, concurrenlly with natural or 


nauceu ' maton' 

threadrarrpbced in the ^ 


reactions at the traumatized site arc ohtainc ^ P ^ fetus. De- 

. 1 «rr»<Tnnncv in the absence ui t 


formed present a model of pregnancy m 

!• .1 . r.i. c-nvn/t in ' 


scnce or 

Sbu7to of the fetus at some point *" J”“other m 

the true placenta for varying lengths of t.me (141). gives 


itide 


T'3;rine Function o/ neln.in. The wate.solrJl.Jo.^ep^^ 
hormone, relaxin. isolated from ovarian T , ^ pig and 

the property of relaxing the symphysis *LLe parturifea. 

other hirrosving animals. The effect is maxjmal I« ‘ „o„hey) 

In other animals, it relaxes either the symphysis pub ( ^oiUa' 

. . . « . _ e.a.. 


In other animals, it relaxes eimer me i-- . 

or other joints related to a widening of the huth canal, .&, 
joints in cow and sheep (68, 95). In addition, relaxm „[ the 

in water uptake of the uterus, vagina, and cerv«, an syndic 

cervix in cL (76). sow, and man (202). Be axin have 

sized in increased amounts in pregnancy, and extraovana 
been postulated (202). gbriBat 

Relaxin affects connective tissue, and acUons botn , , vieiV' 

(182) and nonEbrillar elements have been posmlated. m .jsjggrega- 
softening and hydration of the symphysis pubis is rela e 
tion of glycoprotein colloids of the matrix, with up ' 
electrolyte (152). Relaxin normally acts on tissues ssion o' 

gen and progesterone, and estrogen itself 

fibrocartilage while potentiating the action of relaxin ( ‘ h ^^fg^goce. 

e. Maintenance of Pregnancy. The earlier literature ( s 
145, pp. 196-197) indicated that ovariectomy at almost any 
nated pregnancy, by abortion or resorption, in rabbit, rat, mo 
pig, dog, goat, and cow. Later work has sho%vn the ovaty o 
sable in man after the 40-60th day (189), in the mare a ter , joO- 
a 350-day pregnancy (83), and in the ewe after the 55t ^^f^ysectoi’’)' 

day pregnancy (138). The termination of pregnancy by 

is usually attributed to removal of hormones stimulating ® 

of estrogen and progesterone by the ovary. Pregnancy prog^' 

tained in ovariectomized animals by the injection of estrogen 5 pcci^ 

terone in the proper amounts and proportions varying wi 

(47). Reduction of the fetuses to one in the rat, leaving fn 

sites intact, permitted pregnancy to continue after 

the cat, fetuses were resorbed but the placentas w’cre mT Varis"''’”' 

oophorectomy, and uterine hypertrophy was retained (4 }■ 
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3n these themes may generally be interpreted by supposing that the 
placenta produces both estrogen and progesterone, which alone, or in 
conjunction with administered hormones, may be able to sustain preg- 
nancy or “limited’" pregnancy. 

It is timely to inquire into the necessity of estrogens for pregnancy, 
for even where the ovary is dispensable, alternative sources have in- 
variably been found. Fetal death following oophorectomy could be 
partially circumvented (67) by slitting the uterus and releasing the fetus 
into the intraperitoneal cavity. Selye et al. (168) attributed death to a 
lack of uterine resilience. Expressing this view in different but related 
terms, it is suggested that the function of estrogen in pregnancy is a 
modification of the uterine ground substance associated witli increases 
in the water-soluble mucoprotein and mucopolysaccharide moieties. The 
resultant increase in plasticity (70) would conduce to growth and adap- 
tation of uterine muscle cells and connective tissue (collagen) fibers. 
The hormone relaxin may play a role in this process, and placental estro- 
gens may be visualized as acting either locally or systemically. 

2, The Pituitary Gland of Pregnancy 

Early work is reviewed in the invaluable publications of Van Dyke 
(187) appearing in the middle thirties. Pituitary enlargement in preg- 
nancy was remarked upon in the human by Comte (43) and by Erdheim 
and Stumme (60), and occurs in the mouse, cat, and macaque. There 
was no correlation, however, between fetal length and maternal pituitary 
weight in the cow (137) or in tlie mare, as quoted from the same paper. 
Cytological work was dominated by the concept of a specific "pregnancy 
cell” (60) variously considered to be a modified oxyphil, chromophobe, 
or even basophil cell. Innumerable studies on all forms of animals have 
left tliis problem in a largely static condition, and the fact remains that 
the traditional avenues of investigation of the pituitary gland by tinctorial 
methods, with few exceptions, do not contribute to a knowledge of 
hormone localization, production, storage, or output. The use of histo- 
chemical methods for a specific hormone or hormone complex, as exempli- 
fied by localization of the gonadotropic hormones in basophils (26, 88, 
150) does not seem to have been routinely applied to tlie h)pophysis of 
pregnancy. The application of methods based on antigen-antibody locali- 
zation (128) have not been realized for any hormone of tlie pituitary 
other than ACTII. Using another technique of possible applic.ition, 
Ilcrlant (89) found prolactin in an acidophilic granule fraction separated 
from sheep pituilaries by difFcrcnlial centrifugation. 

a. Biological Actions. Biological assays of piluitazy gJ.^nds of preg- 
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nancy for their content of gonadotropin, 

have shorvn on the whole a falling [“ i„t,y based on 

Van Dyhe reviewed the '''“'"•'f ,,, 3 , summarized European 

inadequate controls and methods. ^ ^ u low activity alter 

findings that the pituitary of pregnan vomen has^a 1 ^^^^^ 
the 2nd month. Activity m the rabbit ^ of individua 

u 1 .^ 0 ^ 

TABLE I 



70.0 j 

• Acelone-drled powder! of individual pituitary glands were assaye . 
i> Received 25 mg. powder/test animal. 

« Received 50 mg. powder/test animal. 

^ Received 25 mg. powdcr/lest animal. 


similarly falls off, hut interpretation was complicated y and 

of high-titer blood contamination in early pregnancy. ^^oavver, 
Runner (112). hy an ingenious assay method, attemp e oarsu* 

• , the difficult questions of hormone synthesis and to » 


mice, the difficult questions of hormone syntnnf'" “ ncy f 

hormone release. They attribute a low activity m i^ 1 6 ^„ycli 

phase of rapid release of hormone \vith no synthesis. niitpnt» 

question the view that high glandular content parallel B y pf 
> ... .. . .1 /P'/W 'TO-- iVial the iOW “ 


question uie view uiat. at:u**v , 

been critically examined (50). The argument that tn rtona^®' 

• Y denote increased release or B .„ 


the pituitary in late pregnancy may denote increaseu ^^‘"^“■V'^^yTrise 
tropin has never been particularly compelling, and me s (l37)- 

circulating estrogen would point to a suppression of secre 
Tlie problem of follicle-stimulating hormone (FSH) an 
hormone (LH) content of pituitaries in pregnancy is one a gpbf 
attacked by a serious study of slaughterhouse material, using 
sectomized assay animals (cf. reference 171). prolac^*' 

Assays for the third member of the gonadotropin comp e . 
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or luteotropm, have scarcely been attempted (8), and the earher de- 
terminations were understandably directed to the postpartum period 
Available evidence shows increases through parturition m rat, guinea 
pig, and rabbit, and mcreased amounts in both pregnancy and partun- 
tion in goat and cow However, it is fair to add that there are negative 
reports (64) 

For ACTH, thyroid stimulating hormone (TSH), and somatotropic 
hormone (STH) no systematic pregnancy studies are available That 
“growth hormone” may be released during pregnancy appears probable 
from the results of hypophysectomy the total weight of fetuses and 
placentas was significantly decreased in rats hypophysectomized on the 
12th day ( 109 ) , while monkey fetuses that went to term m hypophysec 
tomized mothers were generally smaller than the norms (174) 

b Role tn Maintenance of Ovary and of Pregnancy Pregnant ani- 
mals subjected to hypophysectomy appear to tolerate the operation in 
inverse proportion to their dependence on the ovary as a source of 
estrogen and progesterone This, again, is related to the time at which 
the operation is performed Intolerant of hypophysectomy at any tame 
are the rabbit (194) and ferret (122) Dogs may be operated upon in 
late pregnancy but not at 5 and 7 weeks (5), guinea pigs at 40-41 days 
but not at 34-^6 days (151) In the rat, hypophysectomy not more than 
4 days after coitus prevented implantabon, at 7-10 days there was fetal 
death and resorption, and after the 11th day, fetal death or persistence 
and possible prolongation of pregnancy, with the birth of dead or living 
yovng Monkeys (Macaca mulatta}, m remarkahie series Smith 
(174), came to term 20-131 days after hypophysectomy between the 
27th and 156th days after conception 

Conclusion Experience with the common laboratory animals shows 
that fetal deatli and resorphon are universal if hypophysectomy is per- 
formed before mid-pregnancy, varying degrees of failure are encountered 
thereafter, although animals can and do go to term The primate 
(monkey) is a distinct exception Successful replacement tlierapy in 
animals, both gonadectomized and hypophysectomized (119), lea\cs 
little doubt that hypophysectomy removes the stimulus to corpus Iiitcum 
maintenance and progesterone production The contribution of ovanan 
estrogen is probably impaired also 

c Relation to Other Endocrine Glands of the Mother Remoxal of 
the hypophysis dunng pregnmey led to decreased adrenal weights m 
mice (69), but to little difference in rats (77) In the monkey, in spite 
of some lipoid loss in cells, the adrenals were protected against the 
expected weight loss, indicating some extrapiluitary source of ACTH 
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or both (17S). Both in rnt and 


in the placenta, fetal hypophysis, or bom pregnant 

monkey involution of the thyroid followed hypophysectomy, P g" 
as in nonpregnant animals, 

3. Other Endocrine Glands in Pregnanetj ^urin'^ 

In the intact animal, homeostatic /“’if ’"^^„°es“are often 

pregnancy in many or all endocrine glan s. traditional proce- 

poorly understood and attempts to analyze them by ’ p'el! 

Les^ave not always succeeded f^^o.ance of 

without a known endocrine gland as wnth it may Pregnancy 

the external or internal adjustments that f ff“’'po„trol may 
involves energy and material shifts into which en optima' 

enter, both as an essential stimulus and as a means of securi g 1 

a. Thyroid. The thyroid hypertrophies in f y’ sjze. 

ing to increases in the height of follicle epithelium cells and tw ^ 

Basal metabolic rate and protein-bound serum iodine ten 
165). Thyroidectomized rats maintained pregnancy 1^“' found 

young (140). The latter observaUon is asputed for honey t 
an impairment of lactation that was only partially allevi j J^elope'' 
parathyroid extract. Goats thyroidectomized in pregnancy 
udders normally, but milk production was subnormal (I'*’'- j^goitely 
known that subsequent phases of lactation in the cow ar 
stimulated by thyroxine or by iodinated proteins (17, ®). Juring 

b. Parathyroids. Evidence for increased parathyroid ac of 

pregnancy is based on gland enlargement, a parathyroi • 6 

the serum of pregnancy, and the relative sensitivity of . 
mal to parathyroidectomy (20). Cows thyro-parathyroidec ggjuni 
late pregnancy went to term. There was a marked decrease _ , 


production was subnormal. The diifuse distribution or u»c or 

glands in the cow may make complete parathyroidectomy ^ tetany 
impossible (Boda, unpublished). Goats fared somewhat 
developed before, though not after, parturition; udder developiROO 
and lactation was nil (176). j pod 

c. Adrenal Glands. The literature, as reviewed in a j-yela* 

experimental paper by Davis and Plotz (52), reveals complex 
tions between the maternal (and fetal) adrenals and the place ‘ ^^5 
the ovaries, based in part on Ae putative secretion by all these s 
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of steroid hormones having parallel or reciprocal actions. Thus, proges- 
terone in large doses maintains adrenalectomized animals fairly well, and 
the secretion of endogenous progesterone may explain the ameliorating 
effect of pregnancy on adrenalectomy. On the odier hand, the adrenal 
gland itself synthesizes progesterone (12) which may supplement ovarian 
or placental lack. 

Performed under ideal conditions at least, adrenalectomy is con- 
sistent with pregnancy in man (52) and the dog (47). The adverse 
effect of adrenalectomy on lactation may well be related to its role 
in maintaining fluid balance, rather than to a direct mammogenic action. 

In spite of conflicting reports for laboratory rodents, Davis and Plotz 
saw no evidence for simple hypertrophy of the adrenal in cat, dog, sow, 
cow, and ewe. In the rat, they found an absolute increase in the ratio 
of capillary surface to tissue volume in the zonae fasciculata and reticu- 
laris, but not in the glomerulosa or medulla. This increase may be 
related to the general finding of increased corticosteroid hormone excre- 
tion in pregnancy. 

d. Posterior Pituitary Ghnd. There is evidence that the hormones 
oxytocin and vasopressin, associated with the posterior pituitary, are 
neurohormones secreted by cells of the hypothalamus (167). During the 
major part of pregnancy, the normal sensitivity of the uterine smooth 
muscle to oxytocin is suppressed by progesterone action, ensuring a con- 
traction-free uterus. There seem to be no studies, serial or otlierwise, of 
the oxytocin content of the posterior pituitary and adjacent stalk and 
brain areas in pregnancy. The other main posterior pituitary function, 
which has been essentially identified \vith o;^tocin, and to a lesser 
degree with the vasopressin polypeptide, is tlie ejection of milk (65), 
\vitli which we are not here directly concerned. 

4. Hormone Levels in Pregnancy 

Increased or decreased amounts of hormone secreted by a given gland 
may show up as a corresponding change in hormone content of the blood 
and other body fluids: bile, milk, saliva, and, where tlie hormone mole- 
cule can pass the kidney filter, the urine. Readjustments of pregnancy 
have been seen to result in increased activity in several glands, and with 
the rise of the placenta as an active organ of secretion, increases in 
hormone levels in pregnancy are a common finding. 

To be considered in this section are tlic steroid hormones: estrogens, 
androgens, progestins, and adrenal cortical steroids; llio gonadotropins, 
including prolactin; relaxin and oxj’tocln. Tlic literature of some of these 
was extensively documented by Cowie (49) when he snrvevcd the field 
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of pregnancy diagnosis by homaonal means in man ‘ ^ 
animals. Since this publication is an ,es 

it will be freely quoted in order to avoid dupbcabon of r 

a. Steroid Hormones. Extensive assays of tbe biologica y 

steroids succeeded the discovery by Zondek (203) of increased estmg^^ 
in the urine of pregnant women, latterly, with the adven _ 
graphic and other methods for separating, and adsoytion m 
idenUfying active steroids and their inactive a„d 

science has been erected dealing with biosynthesis, interc , 
metabolism of these products (57). These methods have s X 
applied to pregnancy in any systematic way. 


TABLE II 

Steroids of the Urine of Pregnant Women 
A. Metabolites Related to Estros^ns (57) 


Phenolic 


Ketonic 


Non-ketonic 


Estrone* 

16a-Hydroxyestrone^ 

ISP-Hydroxyestrone 


Estradiol-17P* 

Estriol* 

Estriol glucuronfde 
16‘Epicstriol 


‘ Active estrogens. 

^ Possible intermediate between estrone and estriol (126a). 


B. Metabolites Related to Progesterone, Androgens, and to the Adrenal 
Cortical Steroids (57) - 


Non-phenolic 


Kctonic 


Non-ketonic 


Pregnan-3a-ol-20-one 

Al!oprcgnan-3a-ol'20-one 

AUopregnan-3P-ol-20-one 

AIlopregnan*3a,6a-dlol-20-one 

Androstcrone 

Dchydroisoandrostcronc 


Pregnane-3o,20a-diol (“pregnaw 

Allopregnane-3a,20a-diol 
AllopiegDane-3p,20a-diol 

Pregnan-3a-ol 


lediol ) 


and 


(i) Estrogens. The primary estrogen synthesized in the 


possibly the placenta of most mammals is cstradiol-lTP- 


in reversible equilibrium with estrone, and both are converted 


I the 


ibly to estriol. The isomeric cstradiol-17a has been found in jjy 

and goat. Other active and some inactive phenolic steroids 
similar to estradiol arc present in the urine of different *nlA)' 

derivali'’*^ 


lation is given for the pregnant \s'oman (Table IIA), mare (Tabic I 


cow (Tabic IVA), and goat (Table V), showing estrogen ' 
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TABLE III 

Stekoids of the Urine of Pregnant Mares 


A 

Metabolites Related to Estrogens (147) 

phenolic 

Ketonic 

Non-ketonic Non-phenobc 

Estrone (sulfate) 

Equihn 

Hippulm 

Equilenin 

EstradioI-17P 7 &-Estratnenol-3-one-17 

Estradiol-17a 3-Deoryequilenm 

P-dihyroequilenm 

B Metabolites Related to "Progesterone, Androgens, and to the Adrenal Cortical 
Steroids (57, 147) 

Non-^phenolic 

Ketonic 

Non ketonic 

Allopregnan-3P-ol-20-one 
Pregnane-3,20-dione 
Allopregnane-3,20-dione 
A'®-Allopregnen»3p ol-20 
Epiandrosterone 
Dehydroisoandrosterone 
Androstan'3p ol-16-one 
Uran-ll-Dl<.3.one 

Pregnane“3tt,20a>diol ( “pregnanediol”) 
Allopregnane-3p,20a-diol 
Allopregnane-3a,20a-diol 
-one Allopregnane-3P,20P-diol 

AUopregnane-3a,16a,20a-tnol 

Urane-30,ll-*diol 

Uranc-3a, 1 1 ,20- Inol 

A5-Pregnene-3P,20a diol 
17-Methyl-D-homoandroslanc-30,17<x- 
diol 

5o-Androslane-3p,16P*dlol 

TABLE IV 

STEjjoms JN USE Ujwnt of Pregnant Cdws 

A Metahohtes Related to Estrogens (107, 157) 

Phenolic 

Ketome 

Non-ketonic 

Estrone® 

Es trad»ol-l7ao 

Equo) ( isodav on-7,4-dlol ) 

* Active estrogens 
^ I’robabl) dietary 


B MeiahoUtes Related to Progesferone, Anr/rogens, and to the Adrenal 

Cortical StcroUls (50, 117, 148) 

Non-plicnoUc 

Ketonic 

Non-kclonJc 

Anilrostcronr 

Dcb)i!roi»oandrmtcroi»c 

Anopregnano-3<t,£0a-diol 
AHoprcgnane-30,20a-<l/o! ( "pregnamhoP 
absent)'' 

5(V*AndrosUne-3a l7«-dlo! 

5a-Andrintane-3,l, l7c*<lio! 

' Mstlcr rt cf (125 

) found prrpiancdlol. nov. tltmight to lx* a freal co'itandnAnI 
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isolated and identified; all of diese doubUess represent 
greater amounts than are found in the correspondmg nonpr^ 

Some of them, e.g., equilin and related compounds m e 
specific to tHs species, and some may be specific to tbe state o p S 

”™ln the urine, tbe phenolic steroids are present Imply 
with glucuronic or sulfuric acid, the biological activity o 
considerably less than that of the parent compounds, althougn r 
able by hydrolysis. In the blood, estrogens are 

water-soluble glucuronides, or as estroproteins (180). Earlier in ^ 

that a changing ratio of combined to free estrogen might have an p 
tance in initiating parturition have not been satisfactorily e uci a 

TABLE V 

Steroids of the Urine of Pbecnakt Goats 
Metabolites Related fo Estrogens and Androgens ( 10 7) 

Vo n-phenoUc ^ 

5a-AiKiiostaiie-3a,l7a-dioI 


Phenolic 


Non-ketooic 


EstradioI-l7a'* 

Equol (isoflavon-7,4-diol)^ 


* Active estrogens. 

* Probably dietary. 

For our purposes, the more significant findings relate to ^ 

titers throughout pregnancy. In man, there is a consistent 
maximum of 20,000 pg./l. urine, ivilh an abrupt fall at parturition. 
the mare, hormone appears in the urine at the 54th day, incre 
maximum values beriveen 200 and 300 days, then falls somewhat ® i 
term (41), \vith a precipitous fall at birth (Table VI). Th® Kober 
Cuboni tests for pregnancy in the mare depend on the fluorescence 
the phenolic estrogenic steroids with warm sulfuric acid (see reie ^ 
49, pp. 81-83). The ass is said to excrete estrogens and it would no 
surprising to find them in large amounts in pregnant zebras, W 
and mixed equine pregnancies. Mare serum becomes estrogen-pos^ 
at die 80th day and increases its titer throughout pregnancy’ in 
with the urine. 

Estrogens are present in Imv amounts in pregnant cow serum, 
isolation of estrone and estradiol from the bile of pregnant cows (Tao^ 


VIIA) confirms the secretion of these steroids in enhanced amounts. 


and 


(149). 


also the existence of an entcrohepatic circulation of estrogens , 
Tlie urine of pregnant cows has b^ extensively studied (Table y] 
iTt<i flrf» mncflir nM 4-V»o V»o<Ti'nnin2 m 


but the reports are mostly old. There is a rise from the beginning t 


the 
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second trimester until term (94, 144), while estrone has been isolated 
from late pregnancy urine (157). The urine of pregnant sheep, pigs, and 
goats contains estrogens or their metabolites, and the estrogen of sheep 
urine rises in pregnancy (Table IX) (195). Estrogen in pregnant pig 
urine is stated to be present from the 23rd to the 31st day, then to 
disappear until the 12th weeh, when it increases until term (see reference 
49, pp. 90*91). These early findings are worthy of confirmation and ex- 
tension. Blood and urine studies on the smaller laboratory animals have 
been negative or noncontributory (see reference 49, pp. 93-94). 


TABLE VI 

Estrogens in the Urine of Pregnant Thoroughbred Mares (41 ) 



Rat units of estrogens per liter of 

unne 

nancy (days) 

Mare C6 

Mare C8 

Mare C3 

0- 49 

50- 74 

<125 

261“ 


75- 99 

<125 

<521-521 


100-124 

2,085-4,167 

1,041 

333-667 

125-149 

4,167 

4,167 

1,667 

ISO-174 

8,333-16,667 

8,333 

1,667-3,333 

175-199 

8,333 

8,333 

5,000 

200-224 

16,667 

8,333-16,607 

5,000-33,333 

225-249 

8,333-10,667 

16,667 

8,333 

250-274 

8,333 

16.667-4,167 


275-299 

8,333-4,167 

8,333 

10,667-8,333 

300-324 

4,167-1,014 

4,167 

8,333-4,167 

325-349 

2.083-201 

8,333-2,083 

8.333-4,167 

Postpartum 

2 

<200 

< 132 

<84 


® At day 54, tlie earliest date on wliich estrogens were found. 


Conclusion: Estrogens are formed in increasing amounts during preg- 
nancy in many, and perhaps all, mammals, arising partly in the ovary, 
hut later principally in the placenta. They may bo detected in blood, 
urine, and many other maternal and fetal secretions. 

(ti) rrogcsicronc. Progesterone docs not appear in the urine of 
man, as shown by failure to recover it from enormous volumes of urine 
(126); animal urine is also negative. A biologically inactive metabolite, 
pregnanediol, is excreted as the glycuronldc in incrc.Tsing amounts with 
the progress of gestation in man. Compounds having affinities with 
progesterone are excreted in the urine of man (Table IIB), mare (Table 
lUB), cow (Table IVB), and sow {Table X); they may usu.iUy be 
rccognirci! by the .sign “pregn.m** or “pregnen" in the chcmic.il name 
of (he conijHRmt!. Both (he projmrtfons and Unds of progesterone metalv 
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Pregnane-3a-20p-diol 
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olites differ from species to species; the sow, for example, excreting 
none of the common metabolites of man, cow, or mare, while neither the 
cow nor the ewe excretes pregnanediol. 


TABLE Vlir 

Estrogens in the Urine of 9 Pregnant Cows { 94 ) 


Duration of pregnancy 
(days) 

Estrogen (R.U./24 hours) 

31 

0 

44 

41 

47 

0 

128 

307 

154 

266 

167 

960 

188 

186 

214 

215 

254 

667 

260 

3250 

261 

483 

270 

4773 

280 

6636 

280 (term) 

3240 


TABLE IX 

Estrogens in the Urine of 2 Pregnant Enves (195) 

Duration of pregnancy 

Estrogens (total) 

(days) 

(1.U./24 hours) 

46 

30? 

63 

81? 

115 

120 

122 

121 

123 

400 

141 

>400 


TABLE X 

Steroids in the Uiune of Pregnant Sows 
Afcfobonfc-g Hclated jo P rogesterone and to the Adrenal Cortical Steroids (57, 147) 

Non-pIicnoUc 

Kctonic Non-Votonic 

Prcgnan>3a-ol.20-one 

AllQpreRnan>3P-oI»20-onc 


The technical problem of estimating progesterone in blood was solved 
by Hooker and Forbes (97), who used microinjcction of serum into tlie 
uteri of ovaricctomized mice, with hj'pcrtrophy of stromal nuclei as the 
end point. Tlic test may also mc*isure certain progesterone metabolites 
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and results are expressed as progesterone-equivalents. In P 
ewe (Table XI) and rabbit, titers rose progressively ^ 

at term (138). Results in man and mouse were Mood 

Progesterone was identified chemically after and 

and adrenal venous blood of both nonpregnant an . . j 

ewe, but the data were insufficient to relate to the p ysi g 


(Section IIA.4. 

a.iii). 

TABLE XI 

Nonprecnant and Pbeo 

lANT E^VES (138) 

Reproductive 

No. animals 

Duration (days) 

Progestin-equivalem 

(tig-Znild 

Estrous cycle 

Pregnancy 

3 

3 

5 

5 

5 

5 

5 

5 

5 

1 (estius) 

8-12 (luteal phase) 

20 

40 

60 

80 

100 

120 

140 

1.0 

4.0-6.0 

4.0 

6.0 

6.0 

6.0 

7.0 

9.0 

9.0 ^ 

(8.0-12.0) 

Postpartum 

4 

4 

1.5 

10 

6.0 

2.0 


‘ Method of Hooker and Forbes (97). 


Conclusions: In all intensively studied animals, the 


, of preg- 


nancy contains metabolites of progesterone in amounts that 


not the 


Nvith the progress of gestation. The paths of metabolism 
same for all species, and systematic study of a given form shou 
a knowledge of the range of possible metabolites. Progestero 
present in the blood of all species tested and may be estimate 
cally and biologically. 

(h’j) Adrenal cortical steroids. Steroids recognized as proper 

adrenal cortex include two groups of hormones primarily affecting 


hydrate and salt metabolism, respectively. Compounds of 


the Grst 


Cm position and were originally isolated from uiu --- yfjoi 


gland - 


“cortin.* Active hormones or metabolites of this class appear i- 
and luive been assayed biolo^cally and showm to increase in 


(IBS), Tlic prototj'pc of the second class is the s^mthetic 


hormon' 


ririncip^ 


deoxycorticosterone, lacking oxygen at Cn. However, the P^ 
naturally occurring representative is aldosterone (clcctrocortin). 
ing amounts of this hormone are excreted in the urine after tn 
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month of human pregnancy and remain elevated till term (190). Ex- 
tension of this observation to other forms has not been made, nor has 
its significance been appraised. ^ 

Progesterone has been identified as an intermediate in the biosyn- 
thesis of adrenal cortical steroids (87), It is present in the adrenal 
venous blood of cattle, sheep, and pigs in amounts 10-100 times its con- 
centration in arterial blood (12). Consequently, metabolites of ovarian 
and placental progesterone wll be mingled wth those of adrenal proges- 
terone and related adrenal steroids in die common urinary pathway, and 
are listed jointly (Tables IIB, IIIB, IVB, VUB, and X). It would be 
a general inference that substances arising via the adrenal synthetic 
route are increased in pregnancy. 

Estrogens are produced by certain adrenal tumors, and their metabo- 
lism follows, in part, familiar, in part, unfamiliar routes (147). It is 
not known if a significant amount of estrogen is normally produced by 
the adrenal gland, or if it varies in pregnancy. 

Androgens in the female are beh'eved to be largely products of the 
adrenal cortex, and their metabolic contribution is to the non-phenolic 
17-ketosteroids of the urine. Some of diese have been found in pregnant 
human, mare, cow, and goat urine (Tables IIB, IIIB, IVB, and V) (they 
carry the chemical sign "androstan” or "androsten”). The evidence that 
tliey increase in pregnancy is equivocal. A biologically active androgen 
found to increase in tlie pregnant monkey (58) appears to have a 
placental origin, and, of course, a placental source is very likely for a 
part of the heterogeneous group of metabolites related to progesterone, 

h. Gonadotropic Honnones. (i) Chorionic gonadotropin {man); 
equine gonadotropin (mare). Chorionic gonadotropin is found in tlie 
urine (3, 4) and blood of pregnant women. It produces in tlie ovaries 
of immature test animals (mice and rats): follicular ripening and ovula- 
tion, hyperemia, hemorrhage into follicles (blood points), and luteini^a- 
tion of both ruptured and unruptured follicles. Secondarily, estrogen 
secretion produces a comified vaginal smear, and uterine hyperemia and 
growth. More clironically, tlie effects of heavy' luteinization become 
prominent Tliese effects form the basis of pregnancy diagnosis tests 
in man and have evoked an immense literature (see reference 49, p. 23 
ff.). Serial determinations of gonadotropins in human pregnancy were 
made by Evans ct al, (61), and by Browne and Venning (24). Highest 
amounts, up to 1,000,000 I.U./I. were present from the 6th to the lOth 
week, falling rapidly tliereafter to some 10,000 I.U./l. which value was 
maintained till term. Peak blood lev’cls followed a parallel course with 
maximum values of 70,000 to 600,000 I.U./l. between the 50th and 65Ui 
day. 
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In the pregnant mare, 

quently or in traces in urine; '=9"'"® 8°”“^° P'"’ jin- (28), whereas 

peared slowly from the blood of rabbits and of ® g®’f | go„ado- 

chorionic gonadotropin is rapidly cleared from bio . jy umited 

tropin is present in the blood of pregnant mares ® ^/„,er er- 
span of gestation (38). Adequate assays have ee ^p^ (41) 

tended periods for different breeds of horses y ponies 

for thoroughbreds (Tables XII), by ^’“5' J ^ ^rm bv Cole (36) and 
of various breeds, and for Welsh ponies (Table XIII ) by Cole t 


TABLE XII ,41) 

rr„v>nmnop.NS m THE BLOon or FnscMxNT TnonovcMam 


Duration of 
pregnancy 

Rat units'* of gonadotropins per liter o J ^ 

r; Mare C4 

X. f'a Vfsrrs. PR Mare C3 * — . — — — 

(days) 

43 

60 

100 



45 

500 

300 



47 


1,562 


6350 

49 

6,250 

3,125 



50-59 

12,500-50,000 

25,000-50,000 


25,000 

60-69 

50,000 

50,000 


12,000 

70-79 

50,000 

50,000 


6350 

80-89 

50,000-25.000 

50,000 


1302 

90-99 

50,000-25,000 

50.000 

25,000 

1362 

100-109 

25,000 

50,000 

12.500 

780 

110-119 

12,500-6,250 

25,000-2,500 

6350 

400-200 

120-139 

140-159 

3,125-1362 

780-390 

12.500-6,250 

3,125-1.625 

3,125-1.562 

781-400 



* Includes ihe mares of Table VI, with one addition. 

* This rat unit is equivalent to 1 l.U. equine gonadotropin. 


TABLE Xlll 


Gonadotropins in the Blood of Pregnant Welsh Ponies 


pregnancy 

(days) 1 


Animal No. 



All values in rat units = I.U./ml. 


55-59 


100 



25 


100 

60-64 

lOO® 

100 

200 

200- 


100 






400 




65-69 

100 


400 




100 

70-74 

100, 

200. 


400 

100 

100 

100 


200« 

50» 






75-79 


lOO* 

266 





80-64 









200 

200 


200 

200 


These S'alucs were obtained during a second year of testing the 


auirt^ 
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by Aylward and Ottaway (11) Maximal values of 50,000 I U /I V'ere 
found for the larger breeds and up to 400,000 I U for pomes betw'^Gen 
the 55th and 110th day of gestation, it is well documented that the 
smaller pony breeds have the highest titers Hormone falls off rapidly 
from peak values, titers usually have definitely fallen by the 110th day> 
and by the 150th day hormone is for all intents and purposes absent Ths 
question of the source of equine gonadotropin is considered later (Sec- 
tion III A 2) Equine gonadotropin, present in the blood serum of pfeg- 
nant mares from a relatively early date, provides an effective means of 
pregnancy diagnosis, and has been widely exploited (see reference 49, 
pp 50 55) 

(tt) Gonadotropins tn other antmah With the exception of the 
pnmates macaque, chimpanzee, and orangutan (see reference 49, p d7), 
gonadotropic hormones are absent from the blood and unne of other 
animals, including ewe, goat, sow, bitch For the pregnant cow, assidu- 
ous attempts to develop a biological pregnancy test leave httle douht 
that active gonadotropin is absent (see reference 49, pp 62 66, but cf 
reference 48) 

(ill) Prolactm (luteotropin) Assuming the identity of luteotropm 
with prolactin, the hormone was reported m postpartum urine (120) 
and in the unne of newborn infants (118), where it provides the basiS of 
"witches milk” Otherwise, its distnbution in pregnancy has not been 
systematically studied, until this is done, many features of its dual acpon 
must remain obscure 

c Relaxm Increased amounts of tins hormone appear in tlie 
Vtood ol Qie pregnant sow, cat, mare, rabbit, man, and guinea pig 
202) Titers were low in early pregnancy, increased to plateaus in tlie 
last trimester, and fell rapidly after delivery There was good correlapon 
of hormone level ^vlth its physiological action of symphyseal loosening 
m the final stages of pregnancy m tlie guinea pig (30) 

d Oxtjtocm Progesterone decreases the sensitivity of the utems 
to oxytocin, while estrogen increases it Parturition could be initiated 
by a rising estrogen or falling progesterone Ie\el m tlie blood, or b) n 
rising cstrogcn/progcstcrone ratio, or by an increased secretion of 
tocin None of these Ins been uncquwocally shown to occur, and con- 
cepts of the mechanism of parturition, wlucli lia\c not changed miich 
in 50 years (163), fall back \agucly on some combination of these 
processes as ilic endoenne component of birth 

5 Croafh nnd hitohition of the Utcnis 

Bulk growth of the iilcnis in pregnancy is nchic\c<! li) the coordina- 
tion of three processes at hast, indepcnd(.nlK of circulilon. clnogcs 
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There is a massive hypertrophy, wthout ^ the con- 

cells, with synthesis of actomyosin and other “■"P° ^nd a strih- 

tractile system (46); an extensive synthesis of collagen ,j 24 ). 

ing increase in the extracellular, intcrfihrillar groun jeble, g*- 

Collagen increase is shown by the extraction of a 

tinizable protein fraction determined as ’’>'!''“yPtohn ^ ^^haride, 
stance, by virtue of its content of mucoprotein reagent, 

is demonstrated histologically by the periodic acid leu by 

These changes are conditioned, and can be in p P 
estrogen. Comparable, if less sweeping, changes o^nur 
horn of a bicornuate uterus. The presence of the “noep 
a mechanical or stretch factor which may provide ^"bemical 
stimulus for protein synthesis and growth xo ). 

stimuli must also arise from the presence of the blastocys , 
siders, for example, the highly specific changes ‘hat Mcur in 
uterine horn of the pregnant mare ( Section III.A.2. ) . me p , , 
ine involution has been unaccountably neglected, and is s r 

haps in rather more mystery even than uterine growth. Its in 
at least, are exceedingly rapid: there is a rapid and fl24)' 

collagen (82), of muscle cell cytoplasm, and of ground subs an 
In the clinical and veterinary literature, the process is descn 
exclusively in terms of pathological alteration: fatty degener 
lysis, hyaline change, and the like. It may be of interest to re 
none of these common “degenerative” changes were observ 
involuting uterus of the rat (124). 


6. The Mammary Glands in Pregnancy 

Tlie animal enters its first pregnancy with a mammary g ^ 
has been subjected to hormonal stimulation characteristic of t e p 
ing cstrous cycles; there will be distinct species differences re 
this prior experience. The rabbit, with no spontaneous jis 

a system of ramifying ducts, with rudimentary alveoli; the bite 
prolonged and functional luteal phase, shows elaborate ‘’tvpolar c 
ment, simulating tnic pregnancy. Following mammary 
and involution of pregnancy, the mammary gland will ,.ssi*- 

amounts of both parenchymal and connective tissues, and in su 
pregnancies will start from a modified base line. Mammarj’ glanci S 
is dominated by steroid hormones proceeding from the ovar)' or a 
live sources. As a first approximation, mammary development in' 
three stages; the formation of a more or less elaborate duct 
dilioned by estrogen; the addition to this of the lobular-alveolar S) 




growth, bctnli”"- 
retain incrcasu'S 
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conditioned by progesterone; tlie initiation and maintenance of lactation, 
a function of prolactin. Qualitatively, these effects may overlap. Thus, 
estrogens alone produce extensive duct and alveolar development, with 
supervening lactation, in the guinea pig, goat, and cow (51). Progester- 
one alone, in high doses, promotes both duct and alveolar growth in 
several species (64). Anterior pituitary extracts induce mammary 
hyperplasia in the castrate rabbit (45). More refined experimental 
analysis, e.g., the factorial design adopted by Benson et al. (16), empha- 
si 2 es optimal hormonal environment for lactogenesis and presents the 
foUowng progesterone-estrone ratios as favorable for full mammary de- 
velopment; guinea pig, 100:1—20:1; rabbit, 40:1—10:1; rat, 150:1—90:1; 
goat, 140:1. While adequate figures are woefully lacking, it may be of 
interest to give a rough computation for the cow. Taking blood estradiol 
values in the pregnant cow (180) and converting to estrone equivalent 
by the factor of Reece (160) and using the progesterone value of Neher 
and Zarrow (138) for the luteal phase, the progesterone-estrone value 
works out at 190.T-50.T, figures of the same order of magnitude as 
those quoted above. 

The major part of mammary growdi in pregnancy occurs during the 
first half or bvo thirds (184) of the total span, and may be attributed to 
ovarian estrogen and progesterone in the earlier phases and to placental 
augmentation later, From the work of Benson et al. (16), it would be 
anticipated that a favorable ratio would be maintained throughout, but 
how this is effected is unknown. In late pregnancy, there is a glandular 
swelling resulting from the accumulation of a watery or milky secretion. 
Descriptions of glandular growth in pregnancy have been given for 
various rodents (184) and for the cow (79). 

B. Placental Endocrine Fxinctions 
Newton (142), in his article on hormones and tlje placenta, gave a 
masterly summary of the position to that time, and a critique which it 
■ would be hard, even at this time, to equal. He believed that the placenta 
had an endocrine function in the control of gestation, but that this was 
difficult to express in precise terms, or to prove in detail. Tlie placenta, 
like tlie liver, is a massive metabolizing, as well as transmitting, organ 
and has been revealed as a store of practically everything tliat has been 
sought in it. Newton showed tiie placenta further to be an autonomous 
organ which, independently of the fetus, was able to maintain the 
aspect of pregnancy, and which itself lias a precisely delimited life 
in titcro. Techniques of great promise, which have been added since 
the above, are those of placental perfusion and tlie use of tagged 
molecules. 
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Lipoid extacts causing vaginal corniEcation were % 

the placentas of man, cow, sheep, and pig (re eren placenta 

isolaton of estriol and its water-soluble glu™romde 
was an important theoretical advance (42 f „t steroid 

graphic methods should continue to reveal a "'■d<= ,,uone 

hormones and related substances m placentas y ),uinaii 

and estriol were isolated from cow placenm (1 )■ steroids are 

placenta seems to have answered in the beenTdentified 

synthesized there, although estrogens have "ot ^ * ^cental synthesis 
(155). The basic biological arguments pro and co P ^ estro- 
were considered by Newton. Possibly the con inue the best 

gens following double oophorectomy in man ^ . mstantiahy 

evidence. In man, the number of cases is small, bu presence 

conclusive (189). In the mare, the issue is A3l But. for 

of enlarged and seemingly acHve fetal gonads (Section iix.a. /• ^ 

several reasons, this is an unlikely source of estrogens, e p . 

pregnancy; on the strength of Hart and Cole s ® mare 

would be prepared to accept placental synthesis of es og -pnads- 

without the reservation made by Newton in favor of e 


2. Progesterone reference 

Progesterone was early detected in human placenta t gmoved at 
142, p. 426). When the corpus luleum of pregnancy was ^ ^ 

40, 54, and 98 days in man (189), the excretion of normally* 

estrogen) continued to increase, if not to the same degree 
Perfusion of human placenta showed steroidogenesis of while 

closely related to progesterone, though not of progesterone i » 
addition of radioactive (C$“) progesterone to the perfusate » jgrooe 
same two substances, which are evidently metabolites o P^^ ceases 
(78). The excretion of pregnanediol, which is still high ® ^ 'progeS'* 
abruptly at parturition. Kimura and Lyons ( 103 ) did not 
terone (biologically) in chorion or endometrium of the mare, ^^o- 
(170) by chemical methods found several hundred he 

However, using the same techniques adequate for man an pjgtah*^ 
found none in cow, ewe, sow, or bitch placentas. Assuming 2 ^. 

lites will eventually be detected, there seems to be every reason 
cepting progesterone synthesis by the placenta. 

3. Adrenal Cortical Steroids 

Perfusion of human term placentas with whole blood led of 

pcarance of steroid substances in the chromatographic pes* 
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deoxycorticosterone, cortisol, and tetrahydrocortisol (155). The last- 
named group was increased in amount by tlie addition of ACTH to the 
perfusate. 

4. ACTH, T/ii/roiropin 

As already mentioned, the results of hypophysectomy in the macaque 
indicate that the placenta may secrete ACTH but not thyrotropin (175). 
There are conflicting reports on ACTH in rat placenta (77, 100) and a 
comparative extension of these findings would be hazardous. 

5. ReJaxin 

The rabbit placenta contains considerable amounts of relaxin (202). 
Placentas of other forms have not been studied. 

6. Gonadotropins 

Gonadotropic activity was found in implanted human placenta at 7 
and 11 weeks, and at term (204). The fetal placenta of the pig was 
negative (154). Hormone was present in extracts of allantochorion and 
fertile endometrium of the pregnant mare, in amounts that roughly 
paralleled the rise and fall of the hormone in the blood stream (31). The 
allantochorionic fluid was negative, as were extracts of the endometrium 
of the infertile horn. 

Implant (104) and tissue culture (73, 99) experiments placed the 
locus of formation of the human gonadotropin in cells of the chorionic 
villi. The source of equine gonadotropin was originally considered to be 
the fetal placenta (31). Later, Cole and Goss (37) adduced evidence 
that specialized “endometrial cups” of the fertile endometrium were 
responsible (Section III.A.fl). 

Gonadotropic hormones have been sought in the placentas of most 
domestic and laboratory species. Many of these observations are not 
particularly recent. Stated to be negative for gonadotropic activity are: 
placenta, endometrium, and amniolic fluid of the cow and sheep; 
placenta of the sow, rabbit, and guinea pig (see reference 49, pp. 62-67). 

a. Chemistry and Biology of the Gonadotropins of Tregnancy. The 
gonadotropins of pregnancy are produced in relation to the placenta 
of man (chorionic gonadotropin) and to the fertile endometrium of 
the mare (equine gonadotropin). Tlieir function in these species, as 
well as their apparent absence in others, presents an unsolved puzzle. 
Both substances resemble the gonadotropic hormones FSH and LH 
isolated from the anterior pituitary gland in containing considerable 
amounts of hexose and liexosamlne in their molecules; they are glyco- 
protein hormones. Nevertheless, they differ in chemical details and in 
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biological properties frorrr the pituitary “es and f™™ 

(115). Equine gonadotropin possesses a full (Ji); 

aetivity comparable with that th^other hand, to 

it is biologically equivalent to FSH plus LH ’ ts. Chorioto 

not been%uccessfnlly resolved into in effect in 

gonadotropin, while active m the to he largely 

the hypophysectomized one, and has been 
LH-like. Uq 

A reconstmcHon of the functions of *<ese luteinto’ 

thetical. One purely endocrine view would refer to 
tion produced in the ovary of the pregnant mare arom 
of pregnancy, indicating a prolongation of the secre P induced in 

as a main function. In man, luteinization appears . dispensa^^®" 

the ovaries of pregnancy, which in any case are s y ^fusate 
However, the addition of a sheep pituitary gonadotropin ^ (78)- 

of human placenta apparently increased proges^rone ^ 

This preparation contained at least FSH and LH an 
demonstrates the possibility of a local acUon in the placenta if 
complex. I j ppint W 

Another view, not mutually exclusive to the above, vou 
certain ancillary actions of gonadotropic also sag* 

tissue and blood vascular systems of the gonad (29). 
gested that mesenchymal cells of the fetal placenta coui jgjnarkah^^ 
of chorionic (and equine) gonadotropin (71). In a glyco- 

passage, Marshall (127) referred to the “synthesis of jiormon^ 

protein mucin by the ovum.” Possibly the function o os glyco* 
may lie somewhere in the formation (and role) of the place 
proteins. 

C. Endocrine Functions of the Fetus 

In intrauterine life, the primordia of the endocrine glands^ usn^l^' 
down and become differentiated, and by the time of delivery 
be shown to possess a histology of adult type and to contain 
amounts of their characteristic hormones. A sj’stematic s 
seek to determine, among other facts; (1) the acquisition of co 
of the fetal gland to produce secretions of recognizable gyS' 

“aduir or “fetal" in nature; (2) the interaction of fetal en o 
terns with each other; (3) the response of developing systems to 
honnoncs; (4) the contribution of the fetal secretions to 
plex (132). Questions (3) and (4) include the problem o P pb 
transmission of the various honnoncs. Needless to say, few o 
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jectives have been satisfactorily achieved for any single fetal endocrine 
gland. 

1. Fetal Gonads. 

Surgical or X-ray castration of fetuses ratlier late in intrauterine life 
has resulted in parUal or complete failure in development of the male 
(Wolffian duct) accessories, and the persistence of female (Mullerian 
duct) structures (102, 159, 193). These abnormalities were prevented by 
implantation of testosterone propionate, supporting the view that testic- 
ular androgen is produced before birth and serves to maintain fetal 
accessories. 

Implants of fetal rat testes gave androgenic stimulation of adult 
seminal vesicles (101), while extracts of embryonic bull testes (201) 
furnished evidence of androgen content, if not necessarily of synthesis. 
The presence of male sex hormone in fetal horse gonads %vas not definite- 
ly shown (39). The suggestion that sex hormones control differentiation 
of the sex cells was made by Bouin and Ancel (22) and became the 
basis of the freemartin hypothesis (103, 116). In bovine twinning, with 
fusion of the chorioallantoic vessels, a genetic female becomes modified 
in the male direction by sex hormones proceeding from the male co-twin. 
The ovary fails to develop, and in its place a testis forms; Mullerian 
structures degenerate, and Wolffian elements persist and develop. 

The acquisition of an ability of the fetal gonads to respond to 
hormones normally present in tlie matemal-fetal milieu has been studied 
by means of experiments which have had as their objective tlie deliberate 
modification of gonads and sex tracts by male and female sex hormones. 
There are many competent reviews of this extensive and highly complex 
subject (25, 133, 199, 205). A capacity to react to hormones of the 
adult type is shown by differentiated structures, primordia, and even 
anlagen of the fetal genital trac^ to give more or less far-reaching 
modifications of the Mullerian and Wolffian ducts, the urogenital sinus, 
and the external genitalia. In the mammal at least, efforts to obtain a 
definitive gonadal reversal, as in tlie freemartin, have not succeeded. 
The later writings of Moore (131), who was closely associated witli 
Lillie, struck a pessimistic note; doubting that tlie freemartin is suscep- 
tible of a hormonal explanation, and negating the role of fetal gonadal 
hormones. A cautious attitude would regard this pessimism as not en- 
tirely justified if the few positive indications be weighed against the 
many negative ones, with tlie following provisos in mind: whether a 
continuous, inexorable secretion of minute amounts of Jiormonc into tlie 
fetal circulation has often been realized experimentally; whctlier, except 
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rarely the critical stages of development have been 

are characteristically the conditions that obtain m pregn )• 

2. The Fetal Thyroid a 

Tlie thyroid gland acquires the facility of accumu a mg 
deBnitc point in fetal life. This Th ^ginning of th= 

(75. 178); at mid-pregnaney m the P'g 0^®’- the eoJ 

second trimester in man (32, 96) and sheep (1 ). ending of iodi“' 
of the first quarter in the bovine (110, 200). Tlie fi"f^"S„nrelate<) 
may coincide with follicle formation (mouse, rat. ,^,;n potenq’ 

to follicles or to colloid (pig. cattle), indicating m Wa 

docs not depend on cell disposiUon in the tissue. H .’^^.^dahly 
intrauterine life the accumulation of large amounts o i 
linked with follicle growth and colloid formation. , jgyi c® 

begins to accumulate radioiodine by the 50th day ( ^gdi 

synthesize iodothyroninc, triiodotyrosinc, and thyroxine y 


day (7oa). 


TABLE XIV 

Ikitiation of TinmoiD FoNCnos ix Fetal Sittio’ k 


Duration of 
gestation 


Per cent of ma- 
ternal dose of 1*** 


(days) 

46 

in fetal thyroid 

0 

Cordlike epithelial cells, no 1 

48 

0 

Cordlile epithelial cells, no 

50 

0.0001 

Cordlike epithelial cells, no 

52 

0.04 

Few small distinct follicles 

58 

0.70 

Limited number of follicles. 

60 

OJ26 

Limited number of follicles. 

70 

0.44 

Many colloid-BUed follicles 

75<» 

145 (term) 




follicles 

follicles 

follicles 


, inperipb^O^ 


« Iodothyroninc, triiodotyrosinc, and thyroxine are being syj 
date (75a). 


. of TSf; 


The fetal thyroid of the rat responds to the direct dis^*^ 

at the 19th day. Hypophysectomy of the fetus did not produce ^ 


xy. lz.c - - >■ a ' 

effect on the histology of the fetal thyroid, but the elapse 


short (169). 


3. The Fetal Adremrf 

The fetal adrenal in several species is characterized by 
cortical zone, which becomes the definitive cortex, and a thic ' 


tlie androgenic, X-zone or provisional zone (52, 198). For 


the fetal adrenal is large relative to body weight at birth. 
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the X-zone involutes and the gland becomes absolutely and relatively 
smaller in size. Although biologically active androgen was not found 
in fetal human glands (72), newborn infants excreted relatively large 
amounts of 17-ketosteroids in the first 2 days of life; thereafter amounts 
fell rapidly (161). Davis et al. (53), using tagged C”-acetate, found a 
high rate of cholesterol synthesis in fetal adrenals (human) of the 3rd 
to 5th month of intrauterine life; this would agree with the finding of 
glucocorticoids in the newborn (191). 

The fetal hypophyseal-adrenal system appears to be active before 
birth (106). Decapitation of fetuses (hypophyseopriva) reduced the 
volume of the adrenal glands; ACTH repaired the loss and stimulated 
the adrenals even further. It has long been known that adrenalectomy of 
the mother results in fetal adrenal hypertrophy (98); this was recently 
confirmed by adrenalectomy at the 14th day of pregnancy (108). Since 
the effect is abolished by hypophysectomy, it is postulated that an in- 
crease of maternal ACTH, which crosses the placenta, is responsible. 

HI. Special Aspects op Precnanci' in Domestic Animals 
A. Mare (Tables IIIA, IIIB, VI, XII, XIII, XV) 

1. Equine Gonadotropin and the Ovaries 

The primary corpus luteum of pregnancy is short-lived. It fills the 
cavity of the ruptured follicle by die 4th-6th day, reaches maximal size 
by the 14th day, and begins to regress at the end of the first month. 
Suppression of follicular activity is incomplete, and ovulation has been 
observed on the 23rd day. Following the appearance of gonadotropin 
in the blood at the 40th^0th day, there is intense ovarian stimulation, 
ovulation, and formation of a new crop of corpora lutea. Tubal ova 
were recovered from mares in foal examined at 46-73 days (2); their 
fertilizability was not established, but the absence of superfetation in 
the mare speaks against it. Tlie newly formed corpora are in regression 
by the 150th day, when gonadotropic hormone has largely disappe.ired 
from the blood. 

2. The Equine Placenta 

Placental attachment, simple though it is, becomes better defined 
after the 40th day. Until that time, the blastodermic vesicle falls away 
from the opened uterus under its own weight, although the site is marked 
by an area of endometrial hyperemia. Coincidentally, at this point, 
highly spoci.alized, vallate, endometrial outgrowths, the "cndomotrial 
cups," are tlirown up, closely invested by the allantochorion (37). TIio 
uterine glands in the cups enlarge and fill with a mucoprotcin secretion 
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rich in gonadotropic J'and in fact 

staces oE pregnancy (Table XV). Endometna p ^ ^ 

Sr acUvity of the fertile horn generally, closely *at 

hlood. The superficial cup secretion Mllects “”‘‘"‘“, 3 ^, propose an 
tend to become pedunculated (37, So). Clegg • ( 
origin for the hormone in epithelial and 8 ’“"'’“’“ “ material would 
though a portion of the histochcmically demonstrable rnaten 
appear to be mucin. These workers obsen^ed ^elb and 

mucoprotein granules in undifferentiated uterine m ^ ijered them 

in decidual cells presumably deriwd from *®"’' peen once 

to be unrelated to the hormone. The present author, S 
bitten on this issue, is disposed to leave open ® ^ (Pat by 
cellular origin of the hormone. In passing, it may e j^m, we 

definitely relegating gonadotropin secretion to the e pjed, 

are left without a reasonable function for the remarkab , ^ 
apocrine glandlike cells of the chorion which arc promin 
time (31). 

TABLE XV ^ " vr» Cur SecbewO' 

Gosadotbopic Hormone Acm-mr of "ENDOAturRiAL Cops and 

IN Pregnant Mares« (32a) — ^ 


Average Total 


Crown- 
rump length 
o{ fetus 
(cm.) 

Approximate 
duration of 
pregnancy 
(days) 

No. 

animals 

weight of 
cups and 
secretions 

(g.) 

gonado- 

tropic 

activity 

(I.U.) 

Serum acti'Jty 

(l.U./pjj_^ 

— n 1_^0 

2.0- 4.9 

40 (2.0 cm-) 

12 

3.5 

21,000 

11-160 

5.0- 9.9 


14 

8.0 

56,000 

6-296 

10.0-14.9 

80 (10.0 cm.) 

11 

55 

73,000 

<1-9S 

15.0-19.9 

103 ^9.7 cm.) 

4 

105 

150.000 


20.0-24.9 

9 

8.6 

133,000 } 


23.0-29.9 

150 (25-30 cm.) 

10 

55 

42,000] 


30.0- 34.9 

33.0- 45.0 

180 ( 34 cm.) 

3 

2.9 

14,000 1 

[ 


“ Range mustangs, ori^nating in western United States (39). 


3. The Fetal Gonads 

Beginning at a fetal crown-rump length oE 20 cm. 

100 days), the fetal gonads of bofli sexes undergo a 
tion of interstitial cells. The gonads reach a maximum size at ^ ^ 
(63^-S months), when the pair may w'eigh 50-100 g., then dimmi 
about one fifth of this at term. In the process of gro\vth, the 
are restricted to a narrow cortical zone in the female and to s 
cords in the male (39). 
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The sbmulus for interstibal cell growtli in the fetal gonads was left 
unsettled by the above authors, though some writers have assumed it to 
be maternal gonadobopin While the effect accords with that of a gona- 
dotropin, the fetal gonads reach tlieir maximum size some 2 months 
after gonadotropin has disappeared from the blood, and long after the 
maternal ovanes have regressed, this temporal dissociabon is difficult 
to explain There is a much closer correlabon with maternal estrogen, 
which has been considered by some to be the effecbve sbmulus (2) But, 
for the bme being, it seems best to leave this question open 

The fetal gonads tliemselves contain esbogen and possibly male sex 
hormone, but no progesterone It was originally thought that tliey might 
contribute to the high bters of estrogen m late pregnancy, but since 
fetal blood, liver, kidney, placenta, and gonads proved to be essenbally 
equivalent m esbogen content, die idea was discarded (27) 

B Com (Tables I, IVA, IVB, VIIA, VIIB, VIII) 

1 Cervical Mucus 

The secrebon of cervical mucus is under the conbol of the ovarian 
hormones Esbogen produces a clear, thin mucus, progesterone a 
tougher secrebon, the flow properbes of mucus represent the resultant 
of the achon of these hormones on the glands of the anterior vagma and 
cervix A composite flow parameter, which measures the hardening 
and softemng of a mucus sample under a shear sbess, was determined 
(74) Data from 40 pregnant cows indicated that m 50% of animals 
there was a significant increase in 0 (le, mcreased tackmess) at 3j54 
weeks, and m 95% after 8 weeks 

2 Nidation 

Details of die attachment of the bovine ovum have been provided 
by the study of 18 heifers and cows killed 676-927 hours after ovulabon 
(130) The utenne caruncles are present in fetal life and do not fluctuate 
With the cycle Their response to the bophoblast is a loss of surface 
epithelium, which later extends to the rest of the uterine surface By 
the 800th hour, a fragile attachment at 2 or 4 caruncles surrounding the 
fetus has been made, by 850 hours, interdigitation has progressed so 
that the embryo is being nourished by the cotyledons 'Ihe hormonal 
sbmulus to caruncular growth would seem to be progesterone acting in 
an estrogen primed environment, but direct evidence is not available 

3 Corpora Lutea and Maintenance of Pregnancy 

Ablation of corpora lutea in 10 cows between the 92nd and 236tli 
da)s caused prompt abortion Pregnancy was maintained m 8 out of 9 
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cows with corpora ablated at the 60th day, but ^ecemng « 
ntuscular mjecdon of 100 mg. „ot prot abor- 

discontinuance of the treatment at Jptious oroeesterone and 

tion (121). The inference seems to be that ^ J “stabilized’' 

estrogen are produced and that the pregnancy 
follorving ovarian loss and treatment 

4. Progesterone and Ovulation nhosphatase, 

Histochemical studies of uterine glycogen ^ stOTue h 

although their significance is unknown, suggested th p 8^ 
secreted at fairly high levels both before f toLg tha' 

have been several confirmations of the somewhat p U.A.1) 

progesterone may potentiate ovulation in cattle ( 
other forms. 

5. Reloxin and the Cervix Uten poly 

Using a special mechanical dilator, dilatation of the (X 
possible during estrus. After sensitization svith -0 mgy W 

the subcutaneous injection of relaxin ptu''®''®'! uerw 0-® 

the follotving degrees: 200 guinea pigs uuits (a)AU-i. ^ 154 

inches; 1500 G.P.U., dilatation 1.27 inches; 8o00 G.P.U., dd 
inches. The median dose was considered optimal (76). 


C. Goat (Table V) 


1. Maintenance of Pregnancy nreffnanc)*. 

Goats were laparotomized on the 100th or 125th day o p 
and corpora lutea shelled out of the ovary. With all o da)"* 

in 4 animab and double oophorectomy in 1, abortion o In 

later, confirming the necessity of progesterone in the 1^^ fetus^' 

20 out of 21 goats, the number of corpora equaled the num er ^ 

^Vhen one-half the corpora were exdsed, 3 goats, each bearing 

continued in pregnancy for varjing periods. With all preg' 

25 mg. daily of progesterone injected subcutaneously mam 

nancy in 3 out of 3 goats; 15 mg. daily, in 4 out of 4 goats; ^ 05 ?, 

daily, in 4 out of 6 goals. This roughly establishes the 

and the rate of endogenous progesterone sjuthesis, for tiie p o 

goat (129). 

D. Soto (Table X) 


I. Ovarian Relaxin 


500 


Tlie relaxin content of the pregnant sow ovarj' increased 
C.P.U./g. fresh tissue with a Inches fetus, to p U/C 

tissue with a 5 inches fetus, as compared ssilli values of 25 to 5 
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in the luteal phase of tlie cycle and less than 1 G.P.U./g. in the follicular 
phase. The placenta at fetal stages from 434 to 10 inches contained 

0.5-2.5 G.P.U./g., with no correlation with fetal size. Although there 
are indications of extragonadal sites of origin of relaxin, the corpus 
luteum of pregnancy appears to be the main site of synthesis (95, 202). 

E. Ewe (Tables IX, XIV) 

1. Estrus in Pregnancy 

Estrous behavior appears to be common in the pregnant ewe. Periods 
of heat at intervals of 3-40 days, with a mean of 22 days, were not 
restricted to any one part of the gestation period and were not ac- 
companied by ovulation (197). 

2. Maintenance of Pregnancy 

Abortion follows ovariectomy in the first trimester. Ewes ovariecto- 
mized at 84 hours after breeding were maintained in gestation by daily 
treatment with 1 mg. progesterone and 0.25 mg. estrone (ratio 4000:1), 
but not by 1 mg. progesterone and estradiol in the ratio of lOO.T (66). 

3. Steroid Excretion 

Whittens study was supported by further serial determinations of 
ketonic (estrone) and non-ketonic (estradiol) fractions in urine and 
feces of merino sheep. All fractions increased in late pregnancy (14). 

4. Milk Ejection 

In a rather surprising report, relaxin contracted the mammary alveoli 
in sheep, although not as completely as did oxytocin (166). 

5. Blood Progesterone 

Progesterone was determined by the Hooker-Forbes technique. Blood 
values rose progressively during pregnancy and were still high at term, 
although they fell sharply a few hours after birth. Ovariectomy at the 
66th and 114th day did not interrupt pregnancy, nor materially change 
the time course of blood progesterone values (138). 
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I iNTHODUCTnOV 

The duration of pregnancy can be defined, in a general sense, as 
that period which extends from the instant of ferfahzahon of die ovum 
to the emptying of the utenne contents Smce the exact time of ferhliza 
tion of the ovum is seldom known, and smce pregnancy frequently 
terminates prematurely as a result of abnormal physiological or patho 
logical condifaons, tlie gestation period as used in this chapter xvill 
refer to the length of time from mating to normal parturition 

In Table I, the gestation periods for the common domestic species 
and breeds are summarized from data compiled by Kenneth (90) 

II Factobs Affecting Length of Gestatiov 

Factors influencing the length of gestation may be broadly classified 
into three categories, endocrine, genetic, and environmental The im- 
portant role of the endocrines in the maintenance of pregnancy is well 
knowai Smce this subject has been thoroughly reviewed in the previous 
chapter, a further treatment would be repetitious The present dis- 
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TABLE I 

Gestation Periods of Some of the Common Breeds of Domestic Liv _ 


Animal 

Average 

Minimum 

^ Maxiipm» _ 

Cattle (dairy breed) 




Ayrshire 

277.9 

270 


Bro%vn Swiss 

289.7 


Friesian 

276.3 

240 


Guernsey 

283.9 

262 


Holstein-Friesian 

278B 


Jersey 

278.8 

270 


Milking Shorthorn 

281.7 

260 

300 

Swedish-Friesian 

281.8 

Zebu 

285 



Cattle (beef breed) 




Aberdeen- Angus 

279.0 

243 


Hereford 

285.1 


Beef Shorthorn 

282.9 

273 


Goat 




Anglo-Nubhn 

149 



Barbari 

148 



Bashkir 

147.6 



Jarnna Pari 

150 



Jaaner 

153 



Toggenburg 

1505 

136 


Horse 



371 

Arabian 

337.0 

301 

Belgian 

3355 

304 


Clydesdale 

334.1 



Morgan 

343.7 

316 


Pcrclicron 

322 

321 


Shire 

339.5 


319 

Tljorouglibred 

338.1 

301 

P'S 



12-1 

Berkshire 

115.1 

107 

Clicstcr NNliitc 

1135 


IJS 

Duroe-Jcrscy 

114.0 

102 

Hampshire 

114.1 



l.argc Black 

114.7 



Large NV^iite 

114.3 

103 


Middle White 

113.0 


119 

N'orwTgian Laridrace 

114'* 

111 

Poland-Chirui 

1155 

113 


Spottrd Polantl-Cliina 

1155 



Wild Pig 

1235 

124 


• rrwn tUu ctmjpllrd l»y Krnneth (00). 
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subsequent investigations have confirmed this observation (4, 14. 82, 
a study of the effect of interbreed 

ence within breeds, and the association between ^ that 

in utero as compared to her progeny, Brakel el al. (17) conclu 
genetic factors influenced the duration of pregnancy. 

Heritahility estimates of gestation length L other 

el al. (130) from their own data as well as P Jfeed hi 

workers. These values as quoted from their paper a 
Table 11. The magnitude of these hentabihty length 

dicates that the genotype of the fetus is a factor ^ correlated 

of intrauterine fetal life. Gestation length was P° 
with inbreeding of the dam, but inbreeding of the cal 

TABLE II 

Estimates of Heiutabiuty of Gestation Length in * 

No. Heritability 

animals esllmate 

Breed in study (.%) 


r*f.TT<Tnent5 — — ’ 

Data adjusted for '^l^aUoo 

quence differences pnoi to esw 
of heritability 
Same as above 

Calculated as 4x Pf obtaine<3 

relation on basis of tna e . 

from analysis of variance tables g 
in author’s table 

Based on 2x offspring dam gj 

given by the authors m their p P 

Same as above 


Holstein 

Swedish Friesian 


Genetic influences on the gestation length in the horse .g that 

studied as extensively as in cattle, but the available data in c 
the genotype of the foal exerts an important effect. Arabii'” 

(129) analyzed the recorded gestation lengths of 186 purehr 
horses. They found a heritability estimate of 365^) after 
the effects of season of breeding and nutrition of the mare, feluS 

they suggested that sex-linked genes in the genotype of bom 
and the mare may be of possible importance to the length of ges 
Information on the influence of the genotype of the lamb on 
tion length of domestic sheep is meager. In one excellent stu > 
ever, Terrill and Hazel concluded that the hereditary effects cxe 
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the lambs and those effects inherent in the ewe accounted for 40 to 
50% of the variance of the duration of pregnancy (150). They cal- 
culated a heritabihty estimate of 30 to 40% after adjusting for tangible 
environmental effects. 

Breed differences in the gestation length have also been observed. 
Medium-wool mutton breeds, such as the Southdo%vn, Hampshire, 
Shropshire, and Dorset Horn, have a short gestation varying from 144 
to 148 days. Fine-wool breeds, such as the Merino and Rambouillet, 
have a longer gestation, varying from 148 to 152 days. Long-wool mut- 
ton breeds, such as the Lincoln and Romney, have periods intermediate 
in length, varying from 146 to 149 days (150). 

The duration of gestation in the goat is similar to that of sheep, rang- 
ing from 147 to 155 days. Breed differences also exist; that of the Bar 
Bari, Angora, and Philippine being shorter than the Jumna Pari, Anglo- 
Nubian, and Schwartz^vald (8). 

In the domestic pig, Joubert and Bonsma (85) noted a significant 
effect of the sire, and Johnson (81) found a small but real difference 
in the lengths of gestation between breeds. The Poland China averaged 
almost 3 days longer than the Hampshire. 

In beef cattle, the Angus breed has the shortest average gestation 
period, while Herefords have the longest and Shorthorns are inter- 
mediate (23). Although Burris and Blunn (23) were unable to find an 
effect due to the sire, Gerlaugh (54) reported a significant influence of 
both the sire and dam on gestation length. 

The length of pregnancy in the rabbit varies from 27 to 37 days 
(Table I) and differs with breed or strain (61). It is generally shortest 
for the small breeds and longest for the large breeds (159). 

From the foregoing, it is clear that the length of gestation is to some 
extent controlled by hereditary influences, the genotype of the fetus as 
well as that of the dam being of importance. The nature of their con- 
tribution, however, is elusive. Endocrine mechanisms, fetal size, and 
fetal metabolism have been suggested as possible causes. 

B. Environmental Factors 

Environmental factors tliat affect gestation length may be classified 
as external and internal. The external ones include nutrition and season^ 
which may imply an influence of such things as fight and temperature. 
Fetal size or sc.x, litter size, and order of pregnancies may be considered 
as internal factors, and probably exert their ultimate effect by altering the 
intrauterine environment. In addition, the physiological state of the 
dam, as influenced by age, health, or weight, may contribute to phj'sfo- 
logical variations of the uterus. 
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1. External Environmental Inpiences 
a. Seasonal. A seasonal diBerence in gestation ° 

been suggested by many studies. In their review, ^^ioter 

cite many references indicating that those cows freshen 
had longer pregnancies than those freshening itl su ' 
these analyses, the differences were small and insign _ ^ ys],ite, 

sive investigations of over 900 gestation Pf * '“curved a sig- 
Holstein-Friesian, and Jersey cows, Brakel ef ol. (17) 
niBcant difference in length between spring (March, Apr . ^ 

and autumn (September, October, November) calvmg. 
the spring were carried an average of 2.07 days longer nurebrcd 

in the autumn months. On the other hand, in stu les on 
Jersey herd, when differences due to the influence o length 

out, seasonal effects did not contribute to variation in ges ^ ^ pf 

(130). Similarly, Knapp et al (92) found no breed* 

gestation that could be associated with season in the Sfto 

Because seasonal influences may depend upon j.g jgnce 

as nutrition, sunlight, and exercise, the meaning of ® the 

sociated with season is obscure. The general finding m »ca 
month of calving has a slight effect, but probably one o 


portance. , .jp is 

In contrast to the cow, the season of breeding or tne to 

important source of variation in gestation length, and, acc 
Howell and Rollins (75), it accounts for 44^o of the total 
Pregnancies in Arabian mares resulting from breedings o pygrag^* 
period extending from December through May were, on t le 
10.4 days longer than those resulting from breeding during > 
extending from June tlirough November. ^25 )t 

As uterine attachment of the blastocyst is delayed in the gx- 

one may speculate whether seasonal factors influence implan a 
Icmal stimuli, such as suckling or light, may control the arc 

moncs that arc kno^^'n to affect implantation. \Vlicn laclating 
bred, nidation of the embryo is delayed and pregnancy is pr 

(91). In the American marten, an excessively long period of tirne^ 

before implantation occurs; this period can be reduced . 
months if the animals arc exposed to increased daily light 
Tlicse ohserx'ations suggest a neural endocrine mechanism 
the anterior piluitarj' and Its effect upon the secretion of 
hy the ovarx*. Tins honnone is known to influence the time 
pUntatlon. For example, delayed nidation can be indnc« 
ovaricctomi/cd on the third day after mating by the d.uly in}e<^ 
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this substance (30). In the authors opinion, studies of factors influenc- 
ing implantation in tlie horse may help clarify tlie way that external 
environment exerts its effect. 

In ewes, the effect of season of breeding upon gestation length ap- 
pears not to have been studied extensively. In one investigation (150), a 
trend to longer gestations in ewes bred early in tlie season was noted. 
The observed average decrease of 0.03 day in duration of pregnancy for 
each day of the breeding season was highly significant. As date of 
breeding contributed only 1% to the total variance, other factors are 
apparently more important. 

In goats, the montli of conception has some influence on the length 
of pregnancy; it averages 151.3 ± 0.1 days for August conceptions and 
149.8 ± 0.1 days for February conceptions. It is possible that these 
differences are associated with nutritional effects either due to insuf- 
ficiency of available nutrients or because more energy is required to 
maintain body temperature during the cold winter months (9). 

In summary, the effects of season of breeding on gestation length are 
primarily associated with the nutritional environment to which the 
animal is exposed during tlie period of pregnancy. In the horse, how- 
ever, the influence of the season of mating is largely independent of 
these factors. "Delayed implantation” may be a major contributing 
cause accounting for the seasonal differences in length of pregnancy. 

b. Nutritional, To the authors knowledge, there have been no 
studies designed with the specific intent of determining a correlation 
between inadequate nutrition and gestation length in dairy cattle. 
These studies would be pertinent in view of the observed nutritional 
effects in other species and the apparent effect of obesity upon fertility 
in cows (103). 

When mares were maintained on a high nutritional level, pregnancies 
averaged 4 days shorter than those limited to pasture and oat hay. 
This difference in level of nutrition was independent of season of breed- 
ing and accounted for 5% of the total variance in gestation length (75). 

As in otlier domestic species, studies specifically designed to deter- 
mine the influence of plane of nutrition on the duration of pregnancy 
in sheep are limited. The mean gestation period for ewes on a low 
nutritional intake during the second half of pregnancy was found to be 
reduced if tNvins were born. In tliose sheep bearing single lambs, how- 
ever, the nutritional level had no influence (151), Recently Ale.vandcr 
(3) placed Merino ewes on higli, medium, and low planes of nutrition 
from the lOSth, 129tli, 136th, or 143rd day of pregnancy to parturition. 
The gestation period of animals on a sub-maintenance ration was 
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shortened from 0.7 to 5.0 days. Furthermore, ‘>;'= eom- 

contents at the time the severe undemutntional tr 
menced, the more parturition was advanced. Thus, m ^ 

auction of gestaUon length induced by undernutrilion gr 
older fetuses than in younger, or in twins than in sing 
These results are interesting with regard to the me 
turition. Although this subject will be discussed fetal 

propriate at the present time to mention the insu ^ gssed 
nutrition theory” suggested by Spiegelberg ( 145 ). a Mn p ^ 
much earlier by Hippocrates when he ^vrote: When the cn 
big and the mother cannot continue to provide him . ^ and 

nourishment, he becomes agitated, breaks through bonds- 

incontinently passes out into the external world free occurs at 

In the same way among the beasts and savage anima , -gjsarily 
a time fixed for each species without overshooting it, for ne ^ 
each nourishment will become inadequate. Those whic a^^ 
food for the fetus come quickest to birth and visa versa, 
all 1 have to say upon the subject” (122). Mtional 

Although a theory of parturition based upon feUl nu ^ 

sufficiency is attractive, other effects of undemutrition mus 
considered. . endocrio® 

Dietary insufficiencies in pregnant animals may involve e -gffnancy 

balance. For example. Nelson and Evans (110) showed tha P 

could be maintained in rats in spile of the absence of dietary 
the animals were injected daily with progesterone and estone. 
more, these hormone combinations did not cause an mcr ^ 
intake, a fact which would eliminate nutritional factors as 


2. Internal Environmental Influences 

The termination of pregnancy implies the end of an gnal 

existence; therefore, any factor influencing gestation must na 
common effect on the uterus. The term “internal environtnen^ 
fluences” as used in this discussion applies to those factors w 
have a direct bearing upon the environment in utero. Condi i ^ 
than hormone concentrations which modify the internal 
include size of fetus, sex of fetus, size of litter, ace of dam, an ^ ^ 

- - - ’ - determining i 


of pregnancies, any or all of which may play a role ii 
time of parturition. 


a. Number and Size of Fetuses. Size of the fetus is jS, 

related with length of gestation in l>oth dairy and beef animals 
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23, 92, 130), but the increased weight of the calf is merely the result of 
a continued growth during the longer period of intrauterine life. 

A direct influence of mass of conceptus upon parturition can be 
better demonstrated if one relates an effect of number of young rather 
than size of fetus to length of gestation. In sheep, pregnancies termin- 
ated by the birth of twin lambs have a shorter duration (0.6 day) than 
those terminated by the birth of singles (39, 150). When twins are car- 
ried in cattle, the length of gestation is reduced 3 to 6 days (4, 14, 94, 
161). In goats, altliough differences in the duration of pregnancy are not 
significantly associated with number bom, there is a tendency for multi- 
ple young to be carried for a shorter term (9, 69). Size of litter in pigs 
does not exert a significant influence on the mean gestation length (85, 
95), but, in rabbits, within a breed, the pregnancy is prolonged when the 
number of young in the litter is small (104). Variation in the duration of 
pregnancy between breeds, however, is not influenced by litter size, nor 
is there any evidence, for a breed giving birth to a high average number 
of young, that the length of pregnancy is necessarily below the average 
(159). 

This conclusion is not incompatible with an influence of conceptual 
mass upon parturition, since other factors influencing gestation length 
may be associated with breed differences. Furthermore, the experi- 
mental alteration to reduce litter size will prolong pregnancy in rabbits 
(162). 

b. Sex of Fetus. In some species, such as the pig and the rabbit, 
sex ratio cannot be correlated with length of pregnancy (101). Al- 
though, in sheep, the sex of lamb has not always been shown to in- 
fluence the duration of pregnancy (15, 117), a suggestive increase in 
the percentage of males with increasing lengths of gestation has been 
reported (101). Both in cows and horses, the sex of fetus has been 
shown to have a definite and significant influence in determining the 
length of time between breeding and parturition. 

In most dairy (17, 101, 130) and some beef breeds (23, 92), gesta- 
tion length is slightly longer (1 to 2 days) for male than for female 
calves. Because this difference is small, some investigators have been 
unable to show a significant effect of sex of the fetus on the mean dura- 
tion of pregnancy. In the most recent studies, however, in which 
records from a large number of animals were analyzed, significant dif- 
ferences have been demonstrated (17, 130). McKeown and MacMahon 
(101) reinvestigated data published by Spencer (144) and Knott (94) 
and found a marked increase in ratio in favor of male calves as the 
length of pregnancy increased. Furthermore, using these same analytical 
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methods, they confirmed other observaUons tha , females, 

the gestation period of humans was shorter o' 'p-utable to the 

This dilference they considered was at delivery 

greater rate of prenatal growth of male children, relatively 

of the male fetus being due to its greater fetal be 

small weight differences between the sex of fetus, usually as- 

unimportant when one considers that heavier calves 
sociated with longer pregnancies. ,„v difference 

An alternative explanation based on a fetal endoc 
should also be considered. , . 5 gx of 

As early as 1909, Von Oettingen (157) ‘'f “ ‘"rted by 

fetus influenced gestation length in the mare, a “"f , %i^ificant 
other studies (107, 116, 146, 153) in which longer 

differences were found. The males were carried 1. ® ‘ . always 

than the females. This difference due to sex, however, nas 

been observed (20, 32, 75). , c m-egDaocy 

c. Order of Pregnancy and Age of Dam. The leng P h 
in the rabbit is only slightly affected, if at all, by age o p.g 

of pregnancy (115, 131). In other species, notably the goat 's h to 
(85, 95), and the sheep (15), sequence of pregnancy 
have little or no influence on gestation length. Althoug i-nsth 


^ 00 , wo;, ana rne siiccp / 

have little or no influence on gestation length. Althoug 
of previous pregnancies has been reported to influence dif* 

in the mare (157), Britton and Howell (20) could find no . grous 
ferences in duration of this period behveen primiparous an p 


animals 


Agreement on the effect of the age of the cow on gestatio^ *^6 


1 lengtb^^^ 

not been consistent. Brakel et al. (17) cited, in their review, g^jal 
of five authors who found no influence of age of dam an jjie 

number who reported differences ranging from 3 to 7 days e 

... , .t r rt i_i j 1 TTom tneii 


mean gestation lengths of 2-year-old and mature cows. From the' 
X® r 7 ., . .t •' . 1 rows 


records, they found that the mean gestation lengths of con^ ^ 
old and over significantly exceeded that of 2 -year-old cows 


five y 


fears 


„ ^ amt Ui 

The results obtained by Rollins et al. (130) suggest tna ^ fresta* 
ras an important factor in 


of pregnancies associated with age was an important factor 
tion period of cattle. First calves were carried 1.3 days less ^ jp 
.1 h J , o a_.._ fWrI calves. ri 


calves; second calves were carried 1.3 days less than third calves, 
nificant difference was foun 


the third calving sequence on, no significant difference i 


state that age, per se, was not the contributing factor, but, ps- 

the apparent effect of age reflects a variation in stress con ^^.^5 

sociated with management pmctices and whether or not a ^ 
laclaling when pregnant. Furthermore, the existence of a pos» 
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relation between milk production and gestation length of the current 
pregnancy tends to support the idea that an endocrine influence may be 
operating. 

In the goat, the age of tlie dam has some influence on gestation 
length. It is least for first year conceptions and rises gradually to a 
maximum of 151.3 days at 6 years (8). 

Cobum (29) reported that, in pigs, older sows have longer gestation 
periods (112-115) than younger ones (100-106 days at time of first 
litter), but, in subsequent analyses, this influence of age could not be 
shown (93). 

A slight effect of age of mare upon the length of time she carries 
her fetus has been indicated, but whether this is a significant contribu- 
tion is open to question (75, 107). 

In the ewe, an average increase of 0.27 days in tlie mean length for 
each advancing year of age was found by Terrill and Hazel (150). 
This effect of age was not due to weight differences since weight at 
breeding time had no influence. 

Weight as a factor in determining the time tlie fetus spends in titero 
has not been studied in most species; because of the influence of other 
variables, the importance of weight of tlie dam is difficult to ascertain. 
Only one study, conducted on cattle, reported that the gestation length 
of heavier cows exceeded that of light ones (77). 

With few exceptions, observations on the domestic species indicate 
that sex of fetus, size of litter, and age or parity of dam may all in- 
fluence gestation length. At what point in the period of pregnancy they 
exert their effect is not clear. An action of the fetus on the initiation of 
parturition by an alteration of die uterine environment either through 
physical, metabolic, or hormonal means is possible. A difference in tlie 
interval between mating and fertilization has been suggested. Effects, 
such as a delayed implantation of the blastocyst, which are associated 
with the maternal hormone environment must also be considered. In 
this respect, Rollins ct ah (130) found a positive correlation behveen 
milk production of the cow and gestation length and postulated an 
endocrine influence. Other contributing factors, such as age or parity 
of the dam, must be related to differences in the internal environment 
as a result of anatomical as well as endocrine changes. 

III. PnOLONCCD Gestation 

From the foregoing discussion of factors influencing tlie length of 
gestation, it is apparent that, before parturition can be considered un- 
duly prolonged, a normal range in the duration of pregnancy for each 
species must be defined. 
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A reference to Table I indicate that, in the 
the exception oE the cow and possibly the mare, gestation 

greatly exceed the mean gestaUon period. One ■’eP nP 

kngth in the rabbit mentioned instances of prolonged p g" 

to 55 days (115). , , . u > ins' of the women 

Inbnmans, Martins (105) reported that about Althoogb 

in his clinic had periods of pregnancy of more than f j „al from 

he does not so state, it is presumed that this penod .s the mterv 
the cessation of menstruation to labor. . /go) eleve” 

In the extensive bibliography compiled y ^ ngs to 551 

references are cited of human pregnancies '=““"8 males 

days. The fadure to establish a deBnite tune „,rtieularl)' 

it difficult to ascertain the correctness of these estim , P ^ 
those indicating extreme overterm. Furthermore, e a g^jcessivel)' 
cases of prolonged gestation in the human, infants are yy ex- 

large, leads to additional skepticism. Neverth^ess, an 
tended period of pregnancy in the human probably does o 


be considered infrequent ^ ii r nd in the niaic 

The overlong duration of pregnancy occasionally tou ioi 

may be associated with pathological factors, principally m pgjiods 
fections (20, 160). Dead or diseased foals from mares vn 
longer than 340 days are frequent . prolong^ 

Among the most interesting and well-documented cases F 
gestation are those which occur in cattle. ^ 

Andres (6) gave partial descriptions of 53 cases of ^ jg^'cral 

tion in cows. Most of the calves were males; all were Sia^ 

had fetal diarrhea and contained hair balls in the amniotic ^ other* 
cases of cows with prolonged pregnancies have been repo 


(57, 60, 80, 89, 100, 118, 143, 148, 160). Holstein 

Gregory et al. (57) traced the ancestry of 30 ^jtjooed 

calves to a single bull and concluded that this defect was 
by a single autosomal recessive gene. The genotype of ^ same 
was a decisive factor in determining prolongation. Thus, 6 
was dapable of producing normal calves as well as prolonge • 

The clinical and pathological features of the condition m ^\s'eS 
herd have been described in some detail (80). Most of me ^ 
were female, but the fact that 9 male fetuses were involv 
that sex is not a significant factor in causing the particular co 
In those cases where the cow was allowed to continue £vf rosi-tn»' 
labor occurred, the time overdue ranged from 20 to 88 dajs. 
growth was apparent; the w-eights of the calves were largc» 
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from 105 to 168 pounds; the hair was thick, long and abundant; the 
incisors were large; and hair was present in the digestive tract as well 
as the amniotic fluid. 

Labor in most of the cows was extremely difficult due to the very 
large size of the calf. Forced extraction or embryotomy was usually 
necessary to complete delivery. In those cases where caesarean section 
was done, some calves were delivered alive, but all died ^vithin eight 
hours of birth. These deaths are not associated with the length of intra- 
uterine existence. Live calves obtained from a cow 40 days overdue, a 
cow 20 days overdue, and one 12 days overdue, all died within a few 
hours of birth. Post-mortem examioadon revealed no gross abnormah'ties 
to explain the cause of death. In one case in which a prolonged calf was 
maintained by chronic intravenous infusion of 5% glucose and "nipple- 
fed” colostrum, the animal lived for almost 4 days. Death resulted fol- 
loNving treatment withdrawal and was associated with a steady fall in 
the level of blood glucose (79). 

A general characteristic of cows carrying prolonged calves was the 
failure to display the usual signs of parturition. Udders were com- 
parable to those of animals in their 32nd to 34th week of gestation, 
largement frequently being delayed until the day of parturition. Relaita- 
tion of the pelvic ligaments and relaxation and edema of the vulva 
were lacking or occurred only to a mild degree. Cervical gland muQus 
was absent, leaving the birth canal "dry” (79). 

Cows surviving the operation began secretion of significant amounts 
of milk >vithin a Aveek; thereafter mifk flow gradually increased and 
some became excellent producers. Colostrum was not recognized. 

As in the Holstein breed, the excessively long gestation period ob- 
served in Guernsey cows is also associated with a genetic defect. The 
anomaly like%vise may depend upon a single autosomal recessive gene 
(148). 

The patliological characteristics of the fetus in Guernseys differ 
markedly from those in Holstcins. In spile of the e.xcessive duration of 
pregnancy, the calves are small, ranging in weight from 40 to 70 pounds. 
Kennedy et al. (89) described 10 fetuses obtained from a single herd. 
Some showed a complete absence of hair, others had areas of some hair 
development varying from a small patch to a complete coverage. Tim 
crania were characteristically domed, the legs disproportionately short, 
but the hooves were large. Linear skeletal growth of the long Ixmcs 
was retarded, and estimates based on size, weight, and hair coat in- 
dicated a fetal maturity of about 7 months. Other abnormalities in- 
cluded atresia of the jejunum and extreme facial malformations, which 
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in one case qualified the calf as a 

- • ■ i cliaiactcristic finding m an ui 


of the adenohypophysis was a cliaiacicnsuc in WO 

- - ■ aeurohypophysis was present exc i 


fetuses examined, but the ncuronypopuysis ^ ,e- 

monsters. Thyroids were small, and scrum pr ^ ovaries 

1 -I rrT -rnTipc were not dmerentiate . 


duced. The adrenal cortical zones were not Leyig 

, microscopically detectao ; 


appeared essentially normal, but no ""‘j that the «■ 

cells could be found in the testes. The authors s“gS of a 

rested fetal development was probably associated " jtuitai)' 

“tropic” hormone influence as a consequence o 

acted 


agenesis, 


As in the Holstein-Fresian cows, the Guernseys, ^long the 


delivery, were similar in appearance to normal our 

./ _ ..L _c hnwever. did not 


seventh month of gestation. Parturition, however, 

■ * ' * whicfli oresumably i 

Prior to 


until 

idition^ 


rauuii. xaiiuiiiaw-, r the cond 

shortly after the fetal death,^ which presumably beginn'^S 


necessary for expulsion of the uterine contents, 
of labor, the characteristic changes in the mammary 


or laoor, uie cniiia^;».ciK>uv a.. 

occur. Following the delivery of the ^ i j about 10 days- 


did oot 
jed 

’No 


of 


rapidly, and milk secretion was essentially normal 
colostrum was noted. tandpoio* 

These genetic anomalies are most interesting fr(^ ® mental arr®^^ 
a study of factors initiating parturition. The fetal deve op tb® 

which has been observed in the Guernsey breed s®®^® the 
influence of fetal mass as a contributing factor initia mg at 

birth mechanism. That this, alone, cannot be the sp6c 0xcessi'’®^^' 

least in the cow, is deary indicated by the association o ^ is 

large fetuses with prolonged gestation in the Holstein r^e ^ 
no known explanation for the occurrence of the con 1 1 g^docri®® 
animals, although some have speculated on an alteration o 
relationships ( 57 ). 

IV. Pabturition theforegf’'^^ 

By this time it is apparent to the reader, not only 
discussion, but also from accounts in Chapters 6 and 14 , 
involved in the maintenance of pregnancy are multiple- ^ 
Parturition, therefore, must presume the gradual 
factors and probably is the result of the culmination o of 

hormonal, nervous, nutritional, and circulatory influences, ” ^jjg of 
which can be considered as ihc specific stimulus for the 


pot 


Dor. j5 

Tlie statement that the mechanism of parturition is a mj'S ^ 


entirely valid, for, indeed, much knowledge has been accum' 


, dated- ■ 
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dlfBculty arises, however, when one attempts to fit all the known factors 
involved into a clear and concise picture 

Before a consideration of these elements can be undertaken, it is 
necessary to describe the physical and morphological changes occurring 
at term 

A Sequence of Events tn Normal Labor 
Most textbooks customarily subdivide parturition into three stages 
or phases 

1 Ftrst Stage 

This stage is characterized by the dilation of the cervix and active 
contractions of the longitudmal and circular muscle fibers of the uterine 
wall Reynolds (122) has described m considerable detail the develop- 
ment of factors activating tlie uterus at term Under the influence of 
estrogen, growth of the uterus is retarded and the myometrium becomes 
irritable and contractile As pregnancy advances, tliere is a progressive 
diminution of fetal fluids, which are replaced by the solid body of the 
fetus Coincident with this decrease in flmd, an mcreased utenne 
pressure develops The uterus, now able to contract against a sohd 
body, creates an expulsive force As a result of hmitahon of utenne 
prowth and m the presence of a rapidly developing fetus, an increased 
:ension, wluch is approximately three bmes greater in the fundus than 
Dn the lower uterine segment and cervuf, develops As pregnancy pro- 
gresses, the upper uterine segment becomes more resistant to change 
3f shape due to the hypertrophied elastic and muscle tissue In con- 
trast, this increased proliferation of connecbve tissue does not occur 
in the lower segment These differentials in resistance and tension 
bcUveen the fundus and the lower uterine segment, including tlie 
cervix, create a pressure gradient that favors expulsion of the utenne 
contents 

Now tlie strong rhytlimic contractions of the longitudinal muscle 
fibers of tlie fundus, occurring about every 15 minutes and lasting 15 
to 30 seconds, cause a retraction of the tissues of the lower segment Tlie 
cervix, as a consequence, becomes effaced and dilated Aiding in the 
process of dihbon are mechanical, wcdgelike actions of the fluid-filled 
membranes, as well as the head or other parts of the fetal body 

In uniparous animals, such as the cow and mare, the contractions 
start at the apex of the coniiia while tlic caudil part docs not contract 
In multiparous animals, the contractions of the uterus occur just 
cophalad to the most caudal fetus while the rest of the uterus remains 
quiescent (124). A separation of the fetuses in utcro has been obserxed 
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in the rabbit; the uterine canal is jfi^Vondem^ 

by the fetus, but. behveen each feto, the musculature 
thick, making the lumen negligible , 1 / 2,0 24 houis;0 

In the cow and ewe. the Erst stage may ^ to 12 hours, 

the mare, about 1 to 4 hours; and to the sow, betiveen 

2. Second Stage ,„rized by lb' 

This stage is called the expulsive phase ^^etus into the bidk 

complete dilation of the os uteri, " Ito^a^atic muscles to- 

canal or pelvis. contracUon of the abdominal d p ^ [ ,he let® 

gether with a closing of the glottis, and the final delivery 

through the vulva. c uterine ecu- 

During this phase, the frequency and duratio ^ ^ i 

tractions are increased. In the cow, they appear /i 24 ). Aeeon'' 

I5-mtoute interval, and last about a minute and ^ ure in ^ 

ing to Benesch. cited by Roberts (IM). and 99 

cow during the first stage of labor was 66 u presW" 

mm.Hg during uterine contractions. In the “"i contraeti®- 

of 170 mm.Hg was recorded during the toe of ah lem 

In the human, during delivery of the head, the the 

estimated to be as much as 15 kg. (165). The ^ ^j^ose o* 

of the abdomen and diaphragm occur synchronm^iy Id 

uterus and may be initiated by pressure stimi^ m ^o^v 
pregnant rabbits, mechanical pressure applied to ^ portion of ^ 
the canal behveen the symphysis pubis and the 
spinal cord caused strong parturitional efforts o o gome 
(53). In humans, early in labor, these contractions 
voluntary, while later they become involuntary ( 16o ) • ^ 

In cows, the duration of this second phase is from /- perio<^ ^ 
mares, it is quite short, lasting from 10 to 30 ininutes. 
ewes and goats is completed in 1/2 to 2 hours; in so^'S, 
to 4 hours. Primipara usually take longer than , 

Perry (114) has given an interesting account o 
events in parturition in the pig. Early in the birth 
the chorionic sacs rupture and form a slipper)’ lining. of ‘ 

mucus and closely adherent to the endometrium. * j 

piglet against the partially degenerated amnion pro a ^ 

nipturc and help bring about the detachment between alon? ^ ^ 

allantoic layers. As a result, the pig is allowed free ^jlons, 
course of the uterine cavity (141). Their placental con ^ 5 fpJ« 
ever, arc retained through the very extensible umbiuca 
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tion may not occur until after birth, when the pig, in an effort to suckle, 
attempts to pull away. Fetuses are not necessarily bom in order of 
their position in the utems, or with regard to their location in the right 
or left horn. 

3. Third Stage 

This phase encompasses tlie expulsion of the placenta, and is a 
complex process involving both mechanical and hormonal factors. The 
exact mechanism has not been completely elucidated. 

As a result of a dim inis hed efficiency of the circulation of maternal 
blood within the placenta, it begins to degenerate with the advance of 
pregnancy (122). In the human, beginning thrombosis of many of the 
large venous sinuses of the placenta and an obstruction of the lumens 
of the vessels by giant cells can be observed by the eighth lunar month 
of pregnancy (35, 98). 

Complete degeneration of the fetal placenta is accomplished with 
the birth of the fetus. The vessels collapse with the severance of the 
umbilical cord, and the villi become shrunken. The continued con- 
traction of the uterus reduces the amount of circulating blood in the 
endometrium and forces the placenta into the birth canal. As a result 
of the reduced blood volume, the maternal crypts relax. This effect, 
together with the collapse of the anchoring villi, facilitates the loosening 
of the chorionic attachments, resulting in the separation of the maternal 
and fetal placenta. The weight of the amnion and a portion of the 
allantois may aid in the final removal of the placenta. 

In multiparous animals, the fetal membranes are not necessarily ex- 
pelled coincident ^vith the birth of each fetus. For instance in tlie sow, 
since the allantois-chorions may be fused, it appears probable that all or 
most of the young are delivered before the membrane is shed (114), 
Tlie time for complete removal of the fetal membranes in the cow 
and the ewe is normally 1/2 to 8 hours. In tlie mare, this period lasts 
only a short time (1/2 to 3 hours), possibly due to the nature of the 
loose attachment of the diffuse cpitlicliochorial placenta. 

Following parturition, involution of the uterus takes place within a 
vaiy'ing Icngtli of time, dependent upon the species. In the marc, this 
recover)' process proceeds at a fairly rapid rate; by 13 to 25 days after 
birth the endometrium is restored to normal (7). As conception occurs 
frequently 8 to 12 da)’S postpartum, tlie rcstoraliv’c process must be 
essentially complete at this lime (124). 

According to some authors, im’oUition of the uterus of the cow occurs 
uithin 26 days following parturition (21, 119), while others consider 
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that an average of 47 days is more nearly correct (22, 124). Involution 
of the uterine mucosa of the ewe has been reported to he complete at 
about 30 days after delivery of young (154). 

B. Biochemical Changes in the Placenta at Term 
Before severance of the cord, the fetus is entirely dependent on 
the maternal organism for its supply of nutrients and for the elimination 
of those waste products it cannot store. The placenta is admirably suited 
to play a major role in this exchange. Furthermore, since a gradual 
degeneration of this tissue appears to take place during the later stages 
of gestation in certain species, e.g., man, it is pertinent to consider 
briefly the associated biochemical changes. Possibly the Nvithdrawal of 
placental influences which stabilize pregnancy or initiate parturition 
may be related to these degenerative changes. 

In two recent symposia, certain aspects of placental morpholep and 
function have been well reviewed (31, 76). Although a treatment of 
this subject is beyond the scope of this discussion, it is surprising how 
few observations have been made on the changes in the biochemistry 
of the placenta specifically associated with the stages of gestation. In 
humans, from the seventh to the eighth month, the volume of the 
placenta increases more rapidly tlian the dry weight, in contrast to the 
inverse relationship during the first seven months (41, 158). Similary 
at this late stage, the content of the amino acids proline, ox^proline, 
tryptophan, and particularly arginine declines (41, 158); coincidentally, 
permeability decreases (49). Throughout pregnancy, a gradual reduc- 
tion of oxygen consumption and glycogen content takes place (155). 

Choline (27, 106), acetylcholine (26), and cholinesterase (152, 163) 
have been found in human placental tissue. Although acetylcholine may 
stimulate contractility of muscle tissue and the threshold of its excita- 
tion can be affected by sex hormones (152), its exact relationship to tlie 
phases of active uterine contractility associated with parturition has 
not been determined. 

Tlic presence of hormones in placental tissues is well documented. 
As tills subject has been reviewed in the previous chapter, it will not 
be discussed here. Placental hormonal content in the domestic species 
during different periods of gestation, howm’er, has not been studied 
systematically, with the exception of gonadotropin. Investigations in 
this regard would be fruitful. 

The IxmATiON* or PAirrunmoN* 

Diverse, but related, factors influence the initiation of parturition. 
Indeed, no one specific stimulus appears to be effective; rather, ncrs’ous, 
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endocrine, and physical elements all converge synchronously to briflg 
about the final act of labor To simplify presentation, each of these 
factors will be treated separately, but one should keep in mind that each 
represents only a part of a well integrated mechanism 

A Neural Factors 

Although the neural factors participating in partunbonal events are 
discussed in Chapter 6, a brief summary in this section is pertinent 
The early observations that normal delivery of litters followmg spinal 
cord transection m dogs by Goltz and Freusberg (55), smce confirmed 
by others (11, 120), clearly demonstrates that partuntion can occur 
independently of the central nervous connecbons Similarly, normal 
labor has been described m humans with spmal mjunes involving tl^e 
destruction of the cord at levels from the seventh cervical vertebra to 
the lumbar region (42, 132, 149), and even the isolated, completely de- 
nervated human uterus is capable of expelhng a fetus (10) 

These facts would appear to rule out an important role of extrinsic 
neural agents on the mechanism of parturition Nonetheless, the exi^t* 
ence of a spinal center at the level of the tenth tlioracic to the secoijd 
lumbar segment to regulate and coordinate contracbon and retraction 
of the uterus during labor has been postulated (132) 

The presence of an intrinsic innervation of the uterus can l>e 
demonstrated anatomically (21, 48, 87), but no evidence has been prP* 
vided to substanbate its functional relabonship to tlie acbvity of utenric 
muscle during labor (122) 

Much better evidence exists for a reflex release of oxytocin from the 
neurohypophysis by way of an afferent nervous pathway in response to 
sbmulation of tlie vagina or cervLx This neuro endoenne relabonship 
may be of physiological importance in llic initiation of uterine moblity* 
hut the results of many experiments involving postenor Jobe removal* 
spiml cord transection, or lesions of the supraoptic nucleus indicate 
that an intact system is not csscnUal for Uie birth meclianism (Chapt<?r 
0) (02) 

The stale of our present knowledge with respect to specific ncunal 
agents affecting parturition can be aptly summarized by quoting from 
a statement by Reynolds (122), “Jt seems unlikely that tlio numerous 
and complex nerxous connections with which nature has equipped tlic 
uterus are merely structural ornaments Vet witli feu cxceplions, cbicfl) 
those concerned wath the sensoiy aspects of utenne function, cxery 
productive and sex function about which wo know can be substrxed 
without the agenej of these nerxous structures’* 
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B. Endocrine Factors 

Among the first experimental investigations on the existence of blood- 
borne agents active in the role of parturition are those of Sauerbruch and 
Heyde ( 133). From observations on conjoined human female twins, they 
noted that, following the pregnancy of one, breast development occurred 
in both; they concluded that active agents, produced as a result of preg- 
nancy, were transferred from one organism to the other by the blood 
stream. To test their hypothesis, they parabiotically united pregnant 
female rats during different stages of gestation. ^Vhen females in early 
pregnancy were united \vith animals near term, in some cases no in- 
fluence was noted on the normal duration of pregnancy of either; in 
other instances, in the early pregnant partner, symptoms of intoxication 
occurred and were associated with abortion. To account for these effects, 
they postulated that toxic substances, against which the animal near 
term was protected, were produced at die end of pregnancy. That these 
factors are associated wi^ pregnancy seems doubtful, since it is now 
well knmvn that “parabiotic intoxication” may occur as a result of partner 
incompatibility (46). When Kross (96) repeated these experiments on 
fully mature pregnant rats which were selected for um'on so that the 
graWdity of one was much more advanced than the other, labor oc- 
curred at the normal time in all except one of the surviving pairs. 
Clinical evidence obtained following the injection of human fetal serum 
into preparturient women suggested that parturition was hastened. 
Based on these observations, von der Heide (65) reasoned that parturi- 
tion was caused by the production of maternal antibodies or “birth 
materials” against the increased concentration of antigens from the fetus. 

Knowledge accumulated concerning the role of hormones in the 
maintenance of pregnancy provides other possibilities of interpreting 
these early experiments. Parturition probably entails a \riththawal or 
alteration of these stabilizing influences, as well as an increased pro- 
duction of other chemical substances capable of stimulating uterine 
muscular activity or causing a relaxation of the Icnver uterine segments 
and tlie pelvic region. 

An explanation of parturition based upon the withdrawal of hor- 
mones has had many adherents. Much can be said in support of this 
concept. The terminaUon of pregnanej’ follosving the removal of tlie 
ov'ary or corpus lutcum and changes in hormone Ics’els of progesterone 
or its metabolic product, pregnandiol, during pregnanej* have been 
discussed in detail in Chapter I'l, 

Tlic progesterone content of human placenta is reported to be higher 
before bbor than after (63), and pregnandiol lex'cls are unusually lo%v 
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shortly before abortion (16), A prolongation of pregnancy by the 
chronic administration of progesterone (67, 111), or by maintenance of 
luteal function and progesterone secretion by injecting gonadotropins 
(74, 142) is well established. These facts indicate that parturition 
must depend in part, at least, upon the withdrawal of progestins. 

On dae other hand, when blood levels of progesterone were meas- 
ured during pregnancy in the rabbit (167), in the mouse (50), and in 
the ewe (109) by the Hooker-Forbes test (73), no drop in its concentra- 
tion could be detected until after parturition was completed. Attempts 
to detect progesterone in pregnant sheep blood by chromatographic 
techniques with a sensitivity of 0.1 pg./ml. have been unsuccessful (40). 

One explanation for these paradoxical findings is the possible exist- 
ence of another progestin with a higher biological activity than proges- 
terone. Recently Short ( 134) has identified a substance in the peripheral 
blood of sheep identical with 20-hydroxypregneDone. This material 
possesses a high degree of biological activity by the Hooker-Forbes 
test, and may be the substance responsible for the persistent progesta- 
tional activity of pregnant ewe serum, following parturition. If this is 
true, then the assumption of the withdrawal of progestational com- 
pounds as the single specific stimulus for the initiation of parturition 
may not be tlie case, since disappearance of activity should precede 
labor. 

Strips of uterine tissue nearest the placenta are more responsive to 
progesterone tlian those from a distance (33); thus, the possibility of 
local changes in uterine sensitivity is suggested. Measurements of 
peripheral blood levels, therefore, cannot necessarily be interpreted 
unless tile associated physiological changes taking place within the 
uterus are also considered. 

It is well knoNvn that estrogens exert a stimulating action on tlie 
myometrium (52, 126, 127). Similarly, this rising level of estrogen in 
the blood %vitli the advance of pregnancy probaby accounts for the in- 
crease in spontaneous contractile activity of the uterus (136). These 
facts have prompted the suggestion that tlie concentration of this hor- 
mone at term might be a specific cause for the initiation of labor. Tlie 
fact that the administration of estrogenic substances ^vill terminate 
pregnancy in rats, guinea pigs, cows, and sheep provides additional 
support for such a concept (28, 88, 137). In pregnant liumnns, how- 
ever, large quantities of estrogen do not liave tliis effect (99, 127). 

It is doubtful tliat estrogen is tlie only entity involved in the initia- 
tion of parturition; rather, it may play a major role by increasing the 
irritability of uterine muscle to other stimuli (121). To this extent, a 
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relationship of estrogen to progesterone is clearly indicated. It is now 
generally recognized that estrogen must act upon the uterus before 
progesterone can be effective (97); further, normal pregnancy develop- 
ment requires a certain ratio between these t\vo compounds (135). 
Progesterone inhibition of the sponteneous contractile activity of the 
uterus following estrogen treatment provides additional evidence of the 
importance of the ratio of these hormones in determining the nature 
of the response (5, 43, 128). It appears, therefore, that some optimal 
relationship between these hvo substances must exist to create the 
conditions necessary for parturitional events. When the level of only 
one is considered quantitatively, its relationship to labor is difficult to 
interpret. 

The sensitivity of the uterine muscde to oxytocin is usually increased 
under the influence of estrogen and in many species depressed by pro- 
gesterone (93, 122, 125); this provides additional evidence of the im- 
portance of the relationship between these two compounds in parturition. 

In a recent symposium, Fitzpatrick (47) presented data supporting 
the concept that parturition follows a coordinated pattern for different 
parts of the uterus. By recording intracervical coincident with intra- 
uterine pressures in pregnant cows, he showed that the magnitude of 
the response of the uteri corpus to oxytocin increased gradually through- 
out most of the second half of pregnancy and was greatly accelerated 
just before parturition. In the cervix, however, the reactivity remained 
constant and even diniimshed. At mid-pregnancy, on the other hand, 
the cervical response was dominant, but decreased in late pregnancy. 
From these results, he concludes that uterine irritability during mid- 
pregnancy favors retention of the fetus while that of late pregnancj’ 
favors expulsion. 

Much can be said to support the important role of ojqlocin in par- 
turition. Thus, in the postparturient rabbit, electrical stimulation of 
the hypophyseal stalk results in increased uterine activity (64), and 
stretching of the cervix causes a release of o:q^ocic substance from the 
pituitary gland (45). After parturition, oxytocia is depleted from the 
neurohypophysis in rats and dogs (2, 37), and presumably, as indicated 
by the expression of milk during uterine contractions (58), is liberated 
into the circulation during labor in women. 

On the otlier hand, results of hj-pophyseclomy or posterior lobe re- 
moval have been Nxiriable. Ablation, after conception, of the posterior 
lobe in rats and rabbits (51, 13S), or complete hypophysectomy in 
monkeys (140) resulted in no disturbance in gestation length or parturi- 
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tion. Other findings indicate prolonged labor following excision of this 
gland or electrolytic destruction of the pituitary stalk (36, 113, 139). 

These surgical techniques do not eliminate the possibility of an 
important role in parturition of substances produced by the hypothala- 
mus. The importance of a reflex release of these compounds, however, 
by neural mechanisms may be questioned in view of the failure of the 
elimination of the sensory components of uterine nervous innervation 
to affect the course of events leading to fetal expulsion. 

Information on the effectiveness of oxytocin in inducing parturition 
in domestic animals is meager, but one study shows that oxytocin is 
capable of inducing labor in the sow (108). Assays of fetal pig and 
sheep pituitaries indicate that the maximum concentration of oxytocin 
is reached dxuing the latter stages of gestation just before parturition 
(13). The extensive studies on the effects of fetal decapitation in utero 
have not included a description of parturitional derangement (84). To 
determine an effect of the fetal pituitary on the initiation of parturition, 
this technique might be useful when applied to animals bearing single 
young or animals in which aU other living young have been surgically 
removed to exclude an influence by the hypophyses of the intact fetuses. 
Congenital absence of the pituitary gland in human fetuses is not neces- 
sarily associated with a derangement in parturition (19), but, as dis- 
cussed earlier, in cows, adenohypophyseal aplasia of the calf is charac- 
teristically found in cases of abnormally long gestation periods. A neuro- 
hypophysis was, nevertheless, present (89). Furthermore, placentas, 
after the early ablation of the embryos, are delivered at the expected time 
of parturition (156). 

Our present knowledge on the role of fetal endocrines in parturition 
is too meager to hazard an interpretative conclusion, and evidence sup- 
porting tile involvement of the fetal pituitary is lacking. 

Another important site of formaHon of oxytocic material is the 
placenta, from wliich extracts Iiighly effective in stimulating uterine 
contractility have been obtained (34). 

The presence of a substance in the blood of pregnant women capable 
of inactivating oxj'tocin has been repeatedly verified (44, 65, 164). 
Recently, by careful investigations. Dicker and Tyler (38) were able 
to demonstrate that nonpregnant human plasma is incapable of in- 
activating oxytocin, whereas mid-pregnant plasma contains some “oxy- 
locinasc” activity whicli is gradunlly lost during the last few weeks 
before term. A persistence of “oxj’tocinasc” potency was associated \WtIi 
prolonged labor. In a recent report, these results could not be con- 
firmed (60). It seems somewhat premature to assign a significant role 
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implying the withdrawal of "oxytocmase" as a factor precipitating par- 
turition; its presence in pregnancy plasma only suggests a functional 
relationship to the maintenance of gestation. 

In addition to estrogen, progesterone, and oxytocin, a fourth hor- 
mone, relaxin, must surely be involved in normal parturition. The well- 
established effect of this hormone on the phenomenon of pubic relaxa- 
tion at term in estrogen-primed rodents illustrates this association (TO). 
Additional physiological effects of relaxin have been reviewed by 
Hisaw and Zarrow (72). These include a deciduomata-inhibiting effect 
on the rat uterus, a synergism with estrogen and progesterone on the 
lobulo-alveolar development in rat mammary tissue, antidinretic and 
pregnancy anemia effects in rabbits, and an inhibition of the spon- 
taneouus motility of the guinea pig uterus. This latter effect may ex- 
plain the value of relaxin in the clinical treatment of the threatened 
premature labor in the human (1). 

Recent investigations in the rat have reported a synergism of relaxin 
with estrogen on uterine hypertrophy (78). In the ovariectomized 
mouse treated with progesterone, relaxin causes an increase in the re- 
sponsiveness of the uterus to oxytocin in the latter stages of pregnancy 
and brings about the punctual and normal delivery of young (59, 147). 

Although remarkably high concentrations of relaxin can be obtained 
from the pregnant sow's ovary (71), few studies have been reported 
on its physiological role in domestic animals. Most of the work up to 
the present time has been confined to the rabbit, guinea pig, and human. 
In these species, there is a significant increase in its concentration during 
pregnancy (102, 166, 168). 

From the interesting investigations of Zarrow (170), the ovary, 
uterus, and, particularly, the placenta of the rabbit appear to be capable 
of producing relaxin, 

Kelaxati'on of the cervical muscles of the cow followuig varying 
dosages of relaxin is possible if these animals are first pretreated with 
estrogen (56). Similarly, dilation of the uterine cervix of the castrated 
gilt pretreated with diethylstilbestrol can be demonstrated following 
treatment with 15,000 to 36,000 G-P.U. of relaxin. Neither diethylstil- 
bestrol nor progesterone, either singly or in combination, is capable of 
producing this effect. No changes in the symphysis pubis of the gilt 
occurs following relaxin treatment, but histochemical and gross histo- 
logical studies of the uterine cervix show a depolymerization and an 
edema. Furtlicrmore, the vulvar changes following tlxis treatment are 
comparable to those occurring normally in the sow at term (169). 

Tljesc results following relaxin treatment in the estrogen-primed cow 
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and sow are reminiscent of the characteristic changes signifying im- 
pending parturition in these species. In both, a relaxation and edema of 
the vulva are apparent and, in the cow, relaxation of the pelvic liga- 
ments usually precedes birth by only a few hours. 

Detailed studies on sheep slaughtered at different stages of preg- 
nancy revealed no relaxation in the pubic symphysis at any stage, but, 
between the second and third months, the sacroiliac joints and ligaments 
had begun to loosen. A relaxation of the ligaments can be produced in 
ovariectomized ewes by estrogen alone, but whether relaxin synergizes 
in tlris response has not been investigated (12). 

C. Physical Factors 

The effect of stretching resulting from an increase in fetal mass on 
uterine irritability and tension has been discussed. Furthermore, we 
have seen that fetal size or litter number contributes to changes in the 
length of gestation. For example, the fetal developmenal arrest as a 
result of the congenital absence of the anterior pituUary is associated 
with an excessively long gestation period in tire Guernsey breed; twins 
are usually bom earlier than singles; and when fetal growth is retarded 
by inadequate nutrition, parturition is delayed. These observations cer- 
tainly suggest a contribution of physical factors to the events leading 
to birth. Indeed, the continually developing conceptus cannot be ac- 
commodated indefinitely by the uterus. Eventually the nutritional sup- 
ply to the fetus by way of the maternal vascular bed must become in- 
adequate; when this time is re.Tched, the fet.il-matemal relationship is 
interrupted and pregnancy terminated. 

In summary, it is apparent tliat the initiation of parturition cannot 
depend upon a single specific stimulus. Hather it is an e.xtremo]y complex- 
event, probably involving many factors. Nervous, stimuli, Imown and 
unknomi chemical substances, such as hormones, .ts well as physical 
influences all may integrate to bring about the proper physiological 
changes required for normal birth. 
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I iNTRODUCnOV 

Mammary growth and lactation represent important phases of the 
reproductive cycle of mammals Gro\%th of the products of conception 
in the uterus and of the mammary glands occurs during gestation, this 
IS followed by the initiation of labor and onset of milk flow at the end of 
prcgntnc) Milk provides an essential and highly digestible form of 
nutrients for the young during a cntical period after birth, just as the 
uterus provides a source of nutrients for the fetus before birth Tliese 
CNcnts, during and after gestation, arc highly syaithroni/cd by the en- 
docrine system, to a large ealcnl, llie same liormoncs uliicli control 
grow lb and function of the uterus and its contents also control growth 
and function of the mammary glands 

Tlic mimmarv glands arc derhed from the skm and are formtd by 
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invagination of the ectoderm. Development begins during fetal life with 
a simple, branched, tubular gland which is transformed into a compound 
tubuloalveolar structure during gestation. Extensive growth does not 
usually begin until gestation and is largely completed by the end of the 
first two-thirds of pregnancy. After the onset of lactation at parturition, 
millc production rises for a relatively brief period and then gradually 
declines, and the lobuloalveolar sytem undergoes involution.' These 
events are repeated after the next cycle of fertilization and pregnancy. 
The nervous system may not be essential for either mammary growth or 
initiation of lactation, but has an important role in the maintenance of 
milk secretion after parturition. 

Most of OUT present knowledge of the factors governing mammary 
growth and lactation comes from studies made during the last 30 years 
in laboratory animals. Increasing attention has been given in recent 
years to the solution of lactational problems in farm animals, and con- 
siderable progress has been made in determining some of the experi- 
mental conditions necessary for optimal growth of the udder, initiation 
of lactation, and increase of established milk yields. These studies have 
been aided by the increased availability of hormones in relatively in- 
expensive forms. Emphasis will be given here to studies in dairy ani- 
mals whenever possible, but there is little reason to suppose that 
endocrine control of mammary growth and lactation differs markedly 
among mammalian species except in an important quantitative sense. 

II. Hormonal Requirements for Udder Gbo\vth 

The presence of an adequately developed udder is prerequisite to 
good lactational performance. A high correlation has been demonstrated 
betiveen the amount of surface epithelium present in the goat udder 
during gestation and the subsequent volume of milk produced (32). 
A good correlation has also been reported (9, 13S) between the total 
alveolar area, developed experimentally in the goat udder by estrogens 
or estrogen-progesterone combinations, and milk yield (Fig. 1). 

A. Gofujdal Hormones 

The pioneer investigations of Turner and co-workers (156) eslab- 
lishc<l that estrogens are mainly responsible for duct grou-th, and es- 
trogens and progesterone together arc necessary for normal lobulo- 
alvcokir dcv’clopment. Estrogens alone, particular!)' in large doses, ma)’ 
indjjcc considerable but usually abnormal growth of the Tobuloah'colar 
5)'slcm in a number of species. In the guinea pig. estrogens were re- 
ported to induce full lobuloalveolar growth, but recent findings are 
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not in agreement with this earlier work (10). In adrenalectomized 
guinea pigs, estrogens appear to induce only duct growth (72). Injec- 
tions of estrogens into cattle and goats elicited mammary abnormalities, 
characterized by cystic alveoli and papillomatous outgrowths, whereas 
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combinations of estrogens and progesterone produced growth com- 
parable to that seen in normal udders during gestation (9, 116, 151). 
These differences can be seen in Fig- 2. 

The ratio of estrogen to progesterone and the absolute amount of 
each hormone present are important in determining the quantity and 
quality of mammary development In the rabbit (140), maximum 
mammary growth occiirs following injections of 24 to 96 jig. of estrone 
and 1 mg. of progesterone daily (ratio of 1:11 to 1:42), while in the 
mouse, rat, and dog, optimal ratios are believed to be of the order 
of one part of estrogen to 1000 parts or more of progesterone (41). 

The requirements for optimal udder growth in cattle and goats have 
not been adequately determined, and estrogens alone or combinations 
of estrogen and progesterone in ratios of 1:2 to 1:1000 have been em- 
ployed with ivide variations in total amounts of hormones given. In 
goats (32), injections of 1 mg. of hexestrol and 40 mg. of progesterone 
daily (ratio of 1:40) induced abnormal udder growth similar to that 
elicited by hexestrol alone; injections of 0.5 mg. of hexestrol and 70 mg. 
of progesterone daily (ratio of 1:140) resulted in normal udder de- 
velopment (9). 

Benson et al. (10) recently demonstrated, in guinea pigs, that ad- 
ministration of the same ratios, but different doses of estrogen and 
progesterone, resulted in differences in mammary responses which 
varied from both a quantitative and qualitative point of view. They 
concluded that the absolute doses of the two hormones given are more 
important than their ratios. Inadequate amounts of either or both 
hormones may fail to elicit maximum udder development, and too much 
estrogen may inhibit mammary growth (61, 140). 

Despite a fe^v indications to the contrary, no consistent differences 
in milk yields have been reported in cattle and goats treated with com- 
binations of estrogen and progesterone as compared to estrogens alone, 
although there is some suggestion of a more uniform response to the 
latter treatment (9). However, milk production may not be an accurate 
gauge of mammary development, since lactation can be initiated e\'en 
in an incompletely developed mammary system. There can be little 
doubt Uiat both estrogen and progesterone are essential for complete 
mammary growth. 

B. Anterior PUuitari/ Hormones 

As a result of obser^'ations that o^’arian hormones do not stimulate 
mammary dcv’clopment in the absence of the anterior pituitar)*. Turner 
and co-workers (155, 156) postulated that their effects were mediated 
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through the anterior hypophysis. Estrogen was believed to stimulate 
the secretion of a pituitary duct-growth factor, mammogen I, and estro- 
gen and progesterone together, of a lobuloalveolar factor, mammogen II. 
Later it was concluded that the two mammogens were the same, but 
distinct from any of the other established anterior pituitary hormones. 
Turner and others demonstrated that anterior pituitary extracts elicited 
some mammary growth activity when injected into intact or hj'pophj’sec- 
tomized mice or rats, and induced complete mammary development 
when administered together with ovarian hormones. Although the pres- 
ence of a separate mammogenic factor, different from other anterior 
pituitary hormones, has not yet been established, the possibility can 
not be excluded that such a hormone is present in the pituitaiy’. 

Lyons et o], (91) reported that, in hypophyseclomized, ovariecto- 
mized, virgin rats, mammary growth equal to that seen in early gestation 
could be induced by injecting prolactin, estrone, and progesterone. 
When the depression of body growth was partially prevented by in- 
jecting somatotropin (STH) in addition to the other three hormones, 
mammaiy development was induced equal to that seen in late preg- 
nancy. Combinations of prolactin, estrogen, and progesterone appear 
to elicit better mammary growth responses than combinations of other 
anterior pituitary hormones with estrogen and progesterone in hypo- 
physectomized rats (91). Prolactin injections are also effective in re- 
tarding mammary involution in lactating rats after their litters are re- 
moved (73), but this may be due to the maintenance of secretor)’ 
function ratlier than to a growth action. 

Despite the above experimental findings, it is difficult to assign any 
definite mammogenic role to prolactin during gestation. Assajs of 
prolactin in the pituitary, blood, and urine of different species have 
shown that it is low during pregnancy, when maximum mammar)’ 
growth occurs, and is high after parturition, when little or no mammarj' 
growth takes place. It is significant that mitotic activity in the mammar)’ 
tissue is ver)' high during gestation and virtually disappears after parturi- 
tion (88, 134). The source of prolactin, the acidophil cells of the an- 
terior pituitar)’, are low in number during gestation and increase mark- 
edly after parturition in the rat (101, 111). Also, mammaiy tissue from 
pregnant animals has relatively little abiliW to utilize prolactin, as in- 
dicated by the low rate of inactivation of prolactin when incubated in 
vitro together with mammar)' tissue from pregnant as compared to lactat- 
ing rats (143, 144). The role of prolactin in mammaiy growth mav ho 
mainly “permissive’* to the action of ovarian and other hormones, or 
there may be a factor closely associated with prolactin responsible for its 
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mammary growth effects Prolacbn alone can not induce any notable 
degree of mammary growth in hypophysectomized animals 

To what extent STH influences normal mammary growth is un- 
certain Whereas a combination of prolactin, STH, estrone, and pro- 
gesterone induce full mammary development m hypophysectomized 
rats, the elimination of prolactin from this group results in only slight 
mammary growth (91, 92) STH has not been shown to appreciably 
retard mammary involution in rats and mice after removal of their 
suckling litters (76) STH alone has no mammary growth action m 
hypophysectomized animals 

The ACTH-adrenal cortical mechanism does not appear to be essen- 
tial but it can, nonetheless, influence mammary development (81, 154) 
Hohn (72) recently presented evidence that the abihty of estrogens to 
induce lobuloalveolar development in the guinea pig depends on the 
presence of funcbonal adrenal glands He found that administration of 
estrogens to adrenalectomized guinea pigs resulted only in duct growth, 
suggesting that hormones from the adrenal cortex similar to progesterone 
are necessary for full mammary growth Experimentally, administration 
of ACTH, deoxycorticosterone, aldosterone, cortisone, and hydrocortisone 
have elicited variable degrees of mammary growth in laborator)' am 
mals, and progesterone, estrogens, and male sex hormones Inve been 
isolated from the adrenal cortex The adrenal cortical hormones ap- 
parently are not as effective as the ovarian hormones in producing 
mammar)' development Thus, Mixner and Turner (116) reported 
that deoxycorticosterone acetate (DCA) was only about one-third as 
cffcctwe as progesterone in inducing lobuloaKcoIar growth in mice 
Flux (43) claimed that cortisone depressed the ability of estrogen to 
elicit duct growth m the mouse, but, in the rat, glucocorticoids alone or 
m combination with estrogens stimulated lobuloalveolar dc^clopmcnt 
(77, 142) Johnson and Meilcs (78, 80) reported that injections of 
cortisone acetate into lactating rats partially prevented involution of the 
mammarv glands after removal of the litters 

C 0//icr ractors 

The th)Toid IS not essential for nonnal mammar) development, al- 
though it miv modify the effects of other factors on mammarv growth 
In the mouse, hjpothvrouhsm reduces and mild hvperthjroidism cn- 
luincts the nnmmvrv grovvtli efftets of ovarnn hormoius In llie rat. 
the opposite results hive bun observed hv'pothvroidism increases, 
while hvptrthvroKhsin decreases the tffcctiv cni.s;s of ovarian hormones 
on immnnrv growth (116) Tins has l>een exphintd on (he assiinip- 
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tion that the mouse Is a relatively li)’polhyroid and tlie rat a relatively 
h\’perthvroitl species. Hypoth)TOuli'»m in the bovine apparently results 
in subnormal udder development. Spielman ct ot. (H7) reported de- 
creased udder growth in cows lluToidectomizcd during gestation, and 
Petersen ct aj. (126) noted no visible udder growth in cows injected 
with dielhylstilbestrol dail)' for 21 or 31 days following thyroidectomy. 
After feeding desiccated thyroid to the latter, injections of diethylstil- 
bcstrol resulted in udder growth and lactation. Xo histological examina* 
tion was made of these udders. 

The influence of the placenta in mammary’ development appears to 
vary in different species. Mammary regression was not obscr\’e<l in rats 
or mice liypophyscclomizcd after mid-pregnancy, provided the placenta 
remained intact (91). Averill ct cl. (6) were able to maintain pregnancy 
and mammarj' growth in liypophysectomizod rats before mid-pregnancy 
by implanting 12-day-old rat placentas, but this treatment was in- 
cifective in the absence of the ovaries. Tire lutcolropic activity demon- 
strated in the placenta of several species has not been shown to be 
identical with prolactin, despite the presence of minute amounts of 
prolactin in this tissue (30, 111). In some species, such as humans, 
monkeys, and horses, appreciable amounts of sex hormones may be 
secreted by the placenta and thereby supplement the action of the 
ovaries on mammary growth. 

Androgens do not have any significant role in mammary develop- 
ment. Relatively large quantities of androgens are found in the feces 
of pregnant cows, but they appear to be metabolic products of pro- 
gesterone (114). Experimentally, administration of relatively large 
doses of androgens are required to stimulate duct or lobuloalveolar de- 
velopment in laboratory animals (47). 

Ilf. Hormonal Requirements for Lactation 
The factors that control the initiation or maintenance of lactation, 
or are effective in experimental galactapoiesis, are not necessarily the 
same or of equal importance in each of these three processes. Thus, 
(a) estrogens can stimulate prolactin secretion and are believed to in- 
itiate lactation at parturition. After lactation is established, however, 
estrogens are not essential and in large amounts, may inhibit milk 
secretion, (b) The milking stimulus maintains secretion of several im- 
portant pituitary hormones at high levels, and is therefore necessary for 
the maintenance of normal lactation. This neurohumoral mechanism 
is not present to initiate lactation before parturition, (c) Prolactin is 
essential for both initiation and maintenance of lactation, but is usually 
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a weal^ galactopoietic agent (d) In hypophysectomized animals, ACTH 
IS necessary for initiation and maintenance of milk secretion, but has 
been reported to depress rather than to increase mdk yields when in- 
jected into lactahng cows (e) STH and TSH arc necessary neither for 
initiation or maintenance of lactabon, but exhibit greater abilit)' to in- 
crease established milk yields in cattle than other hormones Other dif- 
ferences also occur in the control of these three processes 

A Antenor Hypophysis 

The antenor pitmtary is essential for both initiation and maintenance 
of lactation Hypophysectomy m the cat (2) or dog (74, 90) during 
gestation prevents the onset of lactation after parturition In the rat or 
mouse hypophysectomized after mid pregnancy, a slight but transient 
lactation is obserxed for a few hours after parturition (60, 124) This 
has generally been attributed to the presence of small amounts of pro- 
lactin in the placenta, which may be stored rather than secreted by 
this bssue Hypophysectomy during established lactabon invariably re 
suits in abrupt cessabon of milk secrebon 

1 Prohcttn {Lactogenic Hormone) 

Tno Swiss investigators, Stncker and Gnieter (148), first demon- 
strated that anterior pituitary extracts contained a lactogenic factor 
wluch could initiate lactabon m animals uith developed mammary 
ghnds, an observation soon confirmed b) other investigators Riddle 
and CO workers (139) showed that this factor was identical with the 
anterior pituitary (AP) hormone which initiated crop milk secretion in 
pigeons The pigeon Ins since been the principal assay animal for 
prolactin (113) 

Prolactin has been detected m the anterior pituitancs of manv mam 
mahan species, pigeons, and fowl, also in blood, urine, placental tissue*, 
and cow manure (87, 111) Practically all workers agree that the acido- 
phil cells of the anterior pituitary arc tlie source of prolactin (30, 111) 
The term ‘ luteiotropin is sometimes used synonomousl) with, and even 
prcfcrcntnllv to, prolactin bv many investigators, but the waiter elocs 
not hcheve this is justified The lact ition-inducing effect of prolactin 
IS universal in mammils, vvliercas it Im been shown to be definitely 
lutcotropic only in the rat and mouse, and not in oilier species S ilis- 
factorv methods for quantil itivcly measuring prolacbn in hodv fluids 
and tissues are not vet aviuliblc However, assav methods foi* 
jutintarv proliclin content arc rcliible, and although not netessanh 
indicative of secretorv function, lliiv have usualK shown cvcellent 
agntmenl with the* stile of mamnnn se*crttorv activity 
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The lactogenic hormone is belicv'cd to be the most important factor 
in the initiation and maintenance of lactation in intact animals with 
developed mammary’ glands. Other hormones are considered to be of 
secondar)’ importance in the lactation process, despite the fact that 
another factor, ACTH, is needed in addition to prolactin to initiate milk 
secretion in hypophysectomized animats, or that some hormones may 
show greater galactopoietic activity than prolactin during established 
lactation. In intact animals with developed mammary glands, only an 
increase in prolactin is essential to initiate lactation. 

The remarkable and specific action of prolactin on the mammarj’ 
alveolar cells was first demonstrated by Lyons (89), who initiated lacta- 




Tig. 3 Localized lactation induced by one injection of 10 I.U. of prolactin into 
t single duct of a teat of a rabbit. 

tion in a localized segment of the mammary glands of rabbits by intra- 
ductal injections of small amounts of prolactin. This was confirmed 
by Meites and Turner ( 109), who showed, in addition, that only pro- 
lactin and no other hormone possessed this specific action (Fig. 3). 
These findings were corroborated by Bradley and Clarke (17). Al- 
though the British workers (46) previously slated that other factors, 
particularly ACTH, had an equal claim with prolactin to be considered 
as “lactogenic hormones,” they now concede that “prolactin is the limit- 
ing factor in most experimental situations” (48). 

a. Phtjsiologica] Factors Influencing the Prolactin Content of the 
Pifiiifary. Mature females of all species studied except guinea pigs 
contain at least twice as much pituitary prolactin as mature males. 
Ovariectomy usually results in a decline, and administration of estro- 
gens, in a marked increase in pituitarj’ prolactin content. Reece and 
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Turner (131) first clcmonslralecl that estrogens could elicit an increase 
in pituitars- prolactin content in rats, and this has been confirmed and 
estended to other species hy Meitcs and Ttinicr (HI, 112) The effects 
of different levels of diethslslilbcslrol on the prolactin content of the 
pituitars of male guinea pigs are shosni in Fig -t Similar dose-response 



Fic 4 Effects of graded doses of dictliylstilbestrol on pituitarj prolactin content 
of mile guinea pigs 

cunes ha\e been established in rats and rabbits The greater efFectiv'e- 
ness of small or modemte, as compared to large doses of estrogens in 
increasing piUiitary prolactin, is also reflected in their more favorable 
effects on lactation Thus, injections of 0 25 mg of diethylstilbestrol ap 
pear to be optimal for initiating lactation, but 1 0 mg daily is inhibitor} 
to lactation in goats (115) Small or moderate doses of estrogens ha\e 
also been shoNsn to be more effective than larger doses in increasing the 



550 


JOSEPH MCITES 


mimber and secretory activity of the acidophils of the anterior pituitary 
(8, 168, 169). 



Fic. 5. Postpartum increases in prolactin content and acidophil cells in anterior 
pituitary of rats. 

When estrogens are administered with progesterone in ratios of 
1:1000-1:2000 into guinea pigs or rats, the ability of the former to 
elicit an increase in pituitary prolactin is considerably reduced. Some 
investigators have questioned whellier such ratios are normally opera- 
tive in the body (47), but recently it has been shown that these ratios 
are best for inducing mammary growth in rats, guinea pigs, and other 
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species (11, 162) It uoiild appear that ratios of the two hormones 
which arc optinnl for imhiting mammar) growtli arc the most effective 
in mhihiting the stimulating action of estrogen on prolactin secretion 
Apparentl), high levels of progesterone can mliihit other actions of 
estrogens, such as Lll release, dccidiioma response, etc, while other 
comhm ilions of the two hormones ma) produce s)ncrgistic effects, le, 
mamimrv growth, progestational proliferation of the uterus, etc 

During gestation, pituilar)' prolactin content remains low m most 
species studied, but increases rapidly after parturition In the rat, a 
parallel increase occurs m the acidophil cells of the anterior pituitary 
following parturition (Fig 5) At the end of pseudoprcgnanc) , rabbits 
show no increase in pitintar) prohclin content (lOS), and therefore do 
not come into milk secretion despite the presence of full) developed 
mimnnrv glinds Injections of prolactin promptl) bring these animals 
into lactation Lactating rabbits bred on the first da) of parturition 



Mature pseudo-* 10 20 28 0 2 5 10 20 30 

controls pregnant 

Days 

Fig 6 Relation of milking to postpartum changes in pituitary prolactin content 
of rabbits Note that initial increase as well is subsequent levels of prolictm were 
higher in suckled than in nonsuckled xibbits 
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show no greater rlccline in pituiUrj' prolactin content during the en- 
suing gestation than open lactating rabbits (158). Tin's is believed to 
demonstrate that the two ovarian hormones are not inhibitory to pro- 
lactin secretion during pregnancy, and that prolactin can be maintained 
at high levels by the milking stimulus. 

The removal of suckling litters from lactating rabbits induces a more 
rapid decline in pituitarj’ prolactin content than in suckled rabbits 
(Fig. 6). These results also show that maximum pituitary’ prolactin 
content is not attained after parturition in rabbits in the absence of the 



Fjc. 7. Release and restoration of pituitary prolactin content in tNso strains of 
rats in response to nursing stimulus, after 10 hours isolation of mothers from litters. 
From (67). 

nursing stimulus, the suckling jxiung of parturient rabbits were 

reduced to two each, pituitarj' prolactin content remained as high as in 
rabbits which were permitted to retain all their young (111). This 
suggests that a ma.\imum intensity of the milking stimulus is not es- 
sential to maintain a high lex’el of pituitary prolactin secretion. The 
immediate effect of the milking stimulus is to induce a quick release of 
pituitary prolactin, which is soon replenished during the inteix'al be- 
tween milking (Fig. 7). This is probably analogous to the immediate 
as opposed to the longer term effect of stress on ACTH secretion. 
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given in large doses, progesterone or testosterone propionate 
induces small increases in pituitary prolactin; the latter may initiate a 
slight mammary secretion in the rat Administration of ACTH, corti- 
sone acetate, or hydrocortisone acetate (77) can also produce a mod- 
erate increase in the prolactin content of the pituitary and initiate secre- 
tion in the mammary glands of rats (Fig. 8). Deoxycorticosterone 
acetate does not increase pituitary prolactin in rats (159). Thyroidec- 
tomy or thiouracil administration have been reported to decrease pitu- 
itary prolactin content in rats (94, 110), but tliyroxine injections 
apparently have no effect on prolactin content (111). 

Petersen (125) suggested in 1942 that oxytocin stimulates increased 
secretion of prolactin by the anterior pituitary, and thus may be an 
important factor in the initiation and maintenance of lactation. British 
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injections (73). However, Meites and Turner (HI) observed in 1942 
that injections of posterior pituitary hormones failed to alter significantly 
the prolactin content of the pitviitary of the rat, guinea pig, or rabbit. 
This has been confirmed more recently by Johnson and Meites (79) 
and Grosvenor and Turner (67). In addition, injections of oxytocin 
into pseudopregnant rabbits with well-developed mammary glands have 
not been found to initiate milk production (unpublished obserx'ations). 
There is thus no valid evidence that oxj'tocin influences prolactin secre- 
tion. The action of oxytocin in partially inhibiting mammary involu- 
tion must be mediated through other mechanisms. 

2. ACTH and Adrenal Cortical Hormones 

The ACTH-adrenal cortical mechanism is believed to be second in 
importance to prolactin in the initiation and maintenance of lactation. 
In h)'pophysectoini 2 ed guinea pigs or rats with developed mammary 
glands, ACTH or adrenal steroids are required, in addition to pr®' 
lactin, to initiate lactation (63, 122). In rats hypophysectomized after 
parturition, prolactin alone has recently been reported to reinstate 
partial lactation, although a combination of prolactin and ACTH was 
somewhat more effective (27). Elias (39) recently demonstrated that 
prolactin and hydrocortisone were the minimal requirements necessaiy' 
to maintain secretory activity in oifro in mammary tissue taken from 
mice in advanced pregnancy. 

Adrenalectomy after mid-gestation does not prevent an increase in 
pituitar)' prolactin secretion or the onset of lactation after parturition, 
but milk secretion is of short duration (19, 104). Apparently, the hor- 
mones from the ovaries and perhaps the placenta partially substitute 
for the adrenal cortex during pregnancy. Adrenalectomy after parturi- 
tion results in a gradual rather than in an abrupt cessation of lactation 
(49). Both the mineralo- and glucocorticoids have been shown to be 
essential for the reinstatement of full lactation after adrenalectomy in 
rats (29, 33, 62). Tliere is some evidence that adrenal cortical activity 
is increased after parturition in the rat (129), and that the milking 
stimulus induces a release of ACTH from the pituitarv’ (66 152). In 
lactating rats, injections of ACTH and hydrocortisone prolong secretory 
activity and retard mammary' involution after the litters are separated 
from their mothers (Fig. 9). 

3. Other Hormones 

Liitle work has Irocn reported on ,he relation of the pancreas to 
lactation. In general, kaclation can proceed in depancreaUzed bitches 
provided insulin is administered (123). Apparentlv no studies l.ave 
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been made of the relation of diabetes to lactation in other species. 
Insulin increases lipogenesis from acetate and glucose in mammary 
slices from lactating rats (49), and may also participate in lactose 
synthesis. Injections of large doses of insulin decrease milk production 
in the cow (65), presumably by reducing the availability of glucose 
to the lactating udder. 

Although milk synthesis involves heavy loses of Ca and P from the 
body, the relation of the paratliyroids to lactation has received little 
attention. Campbell and Turner (23) observed that the parathjToid 
glands of rabbits were significantly enlarged during lactation as com- 
pared to the pregnant state, and that the degree of enlargement was di- 
rectly related to the number of suckling young. Cowie and Folley (28) 
noted tliat lactation was severely depressed in rats following paratliy- 
roidectomy. In similarly operated rats, Munson (118) found that the Ca 
content of tlie milk showed no significant changes despite a reduction 
of blood Ca levels. When tetany in parathyroidectomized bitches was 
controlled during gestation by administration of calcium lactate or vita- 
min D, these animals were able to rear their litters (37). "Milk fever” 
in dairy cattle may be related to a deficiency of parathormone secretion 
at parturition. It has been successfully treated by prepartum adminis- 
^tration of large doses of vitamin D (71), or by feeding a low calcium, 
high phosphorus diet (15) to stimulate parathyroid function. The 
influence of STH, TSH, and the thyroid will be considered elsewhere 
in relation to galactopoiesis in farm animals. 

B. The T^ervous System and Lactation 

Selye (141) first demonstrated in the rat that the suckling stimulus 
is more important for the maintenance of lactation than removal of 
milk. lie showed that if the galactophorcs were ligated so that the 
young could suckle but not obtain milk, sccrctor}' activity was extended 
and mammary involution was markedly retarded. Turner and Reineke 
(160) fo\md that when milking was stopped on onc-half of tlic udder 
of goats and the other half was milked regularly, secretion and retention 
of the lobnloalvcolar system were considerably extended in the half- 
udder not milked. The constant placement of new litters to the nipple.s 
of virgin rats has been observ^ed to elicit development and initiate milk 
secretion in the manimar\' glands (141). 

The suckling stimulus has been reported to induce tlie release of 
prolactin (G7, 132), oxytocin (42), and ACTIl (66, 152) from the 
pituitarx*. Each of these hormones may prolong secretion and inhibit 
involution of the mammarx' glands of rats after remo\*al of tlieir litters. 
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The UTiter has recently observed that a combination of prolactin, oxy- 
tocin, and hydrocortisone was more effective in maintaining mammaiy' 
secretor)’ activity in rats after removal of their Utters than any of these 
hormones given alone. 

The amount of milk which accumulates in the cistern and larger 
ducts of the udder of cows and goats between milking is only a small 
portion of the total amount present. The greater part is held in the 
alveolar lumina and in the smaller ducts, and can be released onl)’ by 
the suckling or milking stimulus. This is believed to produce a release 
of oxytocin, which in turn brings about reflex contraction of the myo- 
epithelial cells surrounding the alveoli. The presence of the latter cells 
was first demonstrated by Richardson (137). The “squeezing” of the 
alveolar lumina results in increasing milk pressure, at which time the 
milk can be most easily evacuated from the udder. The milk discharge 
reflex can be conditioned by certain visual, auditor)', olfactory, or other 
stimuli, just like other reflex mechanisms. 

Gaines (59) first suggested that milk ejection is due to reflex con- 
traction of smooth muscle elements in the udder in response to the milk- 
ing stimulus, and demonstrated that injections of posterior pituitar>' 
extracts into an anesthetized bitch enabled the pups to obtain milk. 
However, he did not assign a physiological role to Ae posterior pituitar)*. 
Turner and Slaughter (161) first postulated that milk ejection is 
mediated through the posterior pituitary, and Ely and Petersen (•42) 
presented in concrete form the currently accepted theory’, namely that 
milk “Iet-do^^’n'* is due to release of ox)’tocin and milk “holcl-up” to 
release of epinephrine. 

Petersen and Ludwick (127) demonstrated the presence of a milk 
discharge factor in the blood of a cow which had been milked, by 
passing this blood through the perfusion medium of an isolated udder, 
causing ejection of milk. Blood from a cow ^\’hich had not been milked 
was without effect on milk ejection. Other workers have failed to 
demonstrate consistent alterations in the o.xylocin content of the pos- 
terior pituitary or blood following the milking stimulus in the goat, 
cow, and woman (31, 70, 165), but this may he due to limitations in ex- 
traction and assay techniques. 

Ely and Petersen (42) shoxved that injoclions of epinephrine pre- 
vented milk ejection in the cow, an obscrx’ation confirmed in the sow 
(IS) and rabbit (34), and suggested that the sx-mpathetic nervous sys- 
tem was involved in inhibition of milk discharge resulting from fright 
or other stresses. Cross (3-t) demonstrated that stimulation of the 
posterior hxpothalamus in the anesfhetiret! rabbit inhihiteti milk ej'ec- 
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tion, similarly to epineplirine, and tliat this inhibition was abolished after 
adrenalectomy. He concluded that the principal factor involved in the 
peripheral block to circulating oxytocin was constriction of the mammary 
blood vessels. 

Definite evidence for the role of the neurohypophysis in milk ejec- 
tion was provided from experiments by Cross and Harris (35). They 
demonstrated that milk ejection could be elicited in the anesthetized 
rabbit by electrical stimulation of the supraoptico-hj'pophysial tract. 
Andersson (3) similarly observed milk ejection in lactating ewes and 
goats, following electrical stimulation of centers in or near the supni- 
optic nucleus of the h)'pothalamus. Studies in the rat indicate that oxy- 
tocin may be produced in the neural stalk rather than in tlie posterior 
lobe (31), since posterior lobectomy interferes with milk ejection during 
a concurrent lactation, but not after lactation is reinitiated by a sub- 
sequent gestation. 

The evacuation of milk from the udder, witli a resultant reduction in 
intramammary pressure, is apparently not a major factor in the mainte- 
nance of lactation. Recent experiments in cows have shown that intra- 
mammary pressure does not significantly affect the rate of milk secretion 
until about 16 to 20 hours after milking (40, 165). 

C. The ’Mechanisms ControUing the Initiation of Lactation at 
Parturition 

A number of theories, in agreement in some of their aspects and 
contradictor)’ in others, have been presented to explain the absence 
copious lactation during gestation and its onset at about the time of 
parturition. This phenomenon is not yet completely understood be- 
cause of insufficient knowledge of the secretion rates of hormones con- 
trolling mammary growth and lactation during these periods. The two 
theories that have received the greatest attention arc based on inter- 
actions among the pituitaiy’, ovaries, and mammar)’ gland. 

In a scries of experiments in guinea pigs, Nelson (120) noted that; 
(a) estrogens inhibited established lactation, an obscrx'ation repeatedly 
confirmed by other workers, and (b) when estrogens and prolactin were 
injected togellicr, lactation did not begin unless the estrogen injection^ 
were tenninated. On the basis of these findings, llic iheon.' was ad- 
\’anc‘cd that during gestation estrogen .suppressed .secretion of prolactin 
by the anterior piluitaty and also inhibited the mammary response to 
prolactin. The principal cmph,isw wixs placed on the inhibitor)' effects 
of estrogen on prol.rctin secretion. With the removal of <‘strogen in- 
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hibilion at the end of gestation, prolactin presumably was secreted m 
sufficient amounts to initiate lactation. 

This theory was challenged by Meites and Turner (Ito, lUo, i h 
mainly because: (a) estrogens were shown to increase rather than e- 
crease the prolactin content of the pituitary' and blood; , 

could initiate as well as inhibit lactation in a large variety of labora or) 
and farm animals; (c) lactation could continue during a concurren 
pregnancy, despite the presence of high levels of estrogens; an^ t 
under appropriate conditions, lactation could be initiated by injec mg 
prolactin into pregnant rabbits, when the mammary glands 
tively growing, without disturbing gestation (109). Later, Nelson ( 
emphasized that his theory applied only to the guinea pig and not neces 
sarily to other species. 

Estrogens, particularly in large doses, can depress established a^^ 
tion in a number of species, including cows and goats (111, 1^“)' t 
minimal amount of diethylstilbestrol necessary to inhibit estab is e 
lactation in goats was reported to be at least 1.0 mg. daily ( 115 )> or oo 
times as much as needed to initiate lactation in this species. Larger 
doses depress lactation more effectively, but the inhibition disappears 
after the injections are discontinued (Fig. 10). Large doses of estrogens 
may inhibit established lactation by decreasing th)'TOid function, ® 
pressing appetite, increasing adrenal cortical function, increasing ner- 
vousness, or by other means (49, 111, 112). 

Meites and Tumor (105, 106, 107) assigned a hey role to estrogen as 
the chief stimulator of prolactin secretion, and as the indirect initiator 
of milk secretion at parturition. This was therefore diametrically op- 
posed to tlie inhibitor)' role assigned to estrogen by Nelson. Inclee , 
as early as 1931, Turner and Gardner (157) first set forth the view that 
estrogen stimulates prolactin secretion and initiates lactation, i.e., \nmn 
the cstrus-producing hormone increases, a concentration is reached at 
about the time of parturition, wliich activates the pituitary’ to secrete 
a lactation stimulating hormone in amounts sufficient to cause the inilm- 
lion of milk secretion.” Meites and Tumor hypothesized (105, 106. 
107) that during gestation prolactin sc’cretion remained loo low to 
induce ahunclanl lactation liccaiise of the predominance of progesterone 
over estrogen, preventing the latter from increasing prolactin secretion. 
Toward the end of gestation, a shift of hormone balance in favor or 
estrogen was bclievetl to result in increased prolactin secretion and 
initiation of lactation. 

In recent years, the writer found it ncccssar)' to revise tlic alwvc 
thooiy, without negating any of its original tenets, by inchicling a role 
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for the relative antagonism between mammary growth and lactation 
now believed to be operating during gestation (95, 97, 102, 103). The 
idea that mammary growth was inhibitory to lactation was propose 
many years ago (88), but was not widely accepted as valid for several 
reasons. Thus, (a) lactation and mammary growth proceed simul- 
taneously in many species in which pregnancy occurs after parturition, 
(b) estrogen administration can at one and the same time induce 
mammary growth and initiate lactation; (c) prolactin, which initiates 
and helps maintain lactation, has been reported to produce some mam- 



Fic. 11. Mammary growth versus secretion. The ovariectomized rabbit abo%e 
received 0.090 mg. estrone and 1.0 mg progesterone daily for 25 days, followed by 
2.0 mg. daily of prolactin for 10 days. Ovariectomized rabbit below treated similarly 
except that the two steroids were given for entire 35 days of experiment. 

mar>’ growth in intact animals {89, 91). This latter, however, may be 
mediated by some factor closely associated with prolactin rather than 
with prolactin itself. 

It was not appreciated until recently that an antagonism between 
mammary growth and lactation docs e.xist, but is relative rather than 
absolute. Tlic absence or presence of lactation is believed to depend 
on the balance between the levels of prolactin and other factors operat- 
ing to promote lactation, on the one hand, and the levels of estrogen 
and progesterone and other factors operating to promote mammary 
growth, on the other hand. 

Wlicn estrone and progesterone were injected in doses and at a ratio 
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known to promote optimal mammary growtli in rabbits, 0 096 and 1.0 
mg., respectively, injections of a moderate dose of prolactin, 2 mg. daily, 
failed to initiate lactation if treatment with the two steroids was con- 
tinued (Figs. 11 and 12). W^hen larger doses of prolactin, 4 to 8 mg. 
daily, were injected into these animals, some lactation was initiated de- 
spite continued administration of the same doses of the hvo steroids. 
When the same ratio of tlie two steroid hormones was given, but in only 
lialf or quarter doses, even 2 mg. daily of prolactin was able to initiate 



A B 

Ffc 12 Badioautograplis of growing (left) and rcgrescing (right) mamnurj 
ghnds from rabbits gi\cn a single intravenous injection of 50 jig P^- per kilo of both 
"eight and killed 4 hours Inter Crowtli was maintained for 35 dn)'S b) dail} m- 
jeclions of estrone and progesterone, regression occurred "lien the t "0 steroids werh 
giNon for 25 clays and then stopped for 10 days The rabbits were killed on the 35tl| 
dny and the mammary gkinds were dried and exposed to X-r.ij' film for 72 hours 
The growing glind did not respond to prolnctm but the involuting glnnd showed i\ 
marked response (see Tig 11). 

kitbition. Progcblcrone alone did not inhibit and estrone alone only- 
slightly' reduced the mammary’ response to prolactin. 

}n vUro studies also suggest that the growth action of the luo ovarian 
honnoncs on the mammary gland make it relalixely unresponshe to 
prolactin stimulation. Lactating mammary tissue from r.its 4 d.iys after 
putuntion inactivated about eight times as much prolactin .is .an (vjniv.a* 
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lent amount of mammary tissue from rats in mid-gestation (143, 144). 
Respiratory studies by Folley (48) appear to be in agreement with these 
obsen’ations, since incubation of prolactin with mammary tissue from 
lactating rats increased the rate of net gas evolution, whereas no change 
occurred when mammary tissue from pregnant rats was incubated with 
prolactin. Sgouris and Meites (unpublished observations) also noted 
that prolactin increased oxygen consumption in mammary slices from 
parturient rats but not from rats in mid-pregnancy. The depression of 
established lactation which results from administering large doses of 
estrogens or estrogen-progesterone combinations may be induced par* 
tially by mammary growth stimulation. 

The revised Meites-Tumer theory of lactation can now be staled as 
follows: (a) In a pregnant, nonlactating animal, estrogen and proges- 
terone levels promote full mammary' growth, rendering the udder rela- 
tively insensitive to prolactin stimulation, (b) Progesterone during 
pregnancy prevents any notable stimulation by estrogen of prolactin 
secretion, leaving it at too low a level to Initiate lactation, (c) At the 
end of pregnancy, there is a marked decline in both estrogen and pro- 
gesterone, leaving the mammary gland receptive to prolactin stimula- 
tion, and at the same time suiBcient estrogen is still present to increase 
pituitary prolactin secretion and initiate lactation. There is considerable 
evidence that estrogenic activity is increased at about the lime of par* 
turition (111). Tins theory is believed to be in accord with most ex- 
perimental observations. 

Lactation can proceed in parturient animals which subsequently be- 
come pregnant because; (a) relatively high levels of prolactin and 
other hormones favorable to lactation are secreted as a result of the 


milking stimulus, (b) estrogens and progesterone are secreted at much 
lower levels during early than in late pregnancy, and therefore the rate 
of mammary' groivtii clocs not appreciably antagonize flie action oi 
prolactin and other factors favorable to lactation until the latter part 
of gestation. Fetal growth during the latter part of gestation may also 
partially account for the decline in lactation. Tliis is believed to ex- 


plain xvhy daily' cows xvhich arc simultaneously lactating and pregnant, 
show no pronounced drop in milk yield until after the fifth month of 
gestation, following which time the decline is about 20% greater than 
in open cows (156). 

Tliis theory has been challengerl by Folley and co-\vorker.s (30, 52), 
mainly because of (a) the interpretation placed on pituitary prolactin 
assays ns an index of actual secretion rate, and (b) the emphasis placed 
on prolactin as tlic principal factor in the initiation of lactation. N<> 
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evidence has yet been presented by these or otlier workers which is in 
basic conflict with tlie conclusions d^a^vn from our pituitary assays. 
Attention has already been given to the good agreement between pitui- 
tar)-^ prolactin content and the secretorj^ state of the mammaiy^ gland. 
The emphasis on prolactin rather than on a ‘lactogenic complex,” as the 
crucial factor in initiation of lactation in intact animals with developed 
mammary glands, is believed to be justified, since only prolactin ad- 
ministration is needed to induce lactation in such animals. Despite the 
exceptions noted above, the British workers have recently accepted the 
main tenets of our theory of lactation (30, 49). 

D, Experimental Induction of Lactation in Farm Animals 
with Horynones 

Many dairy animals with good milk-producing potential are dis- 
carded from herds each year because of breeding failures. Some of 
these animals could be profitably maintained on farms if suitable hor- 
mone treatments could be devised for bringing them into milk produc- 
tion equal or nearly equal in volume to that attained by animals after 
gestation. These hormone treatments may also produce other benefits: 
(a) some animals may be successfully bred after liormone administra- 
tion is concluded and (b) a moderate or considerable increase in body 
weight and efiiciency of feed utilization may result from the hormone 
treatment. 

The experimental methods ciiirently employed to induce lactation 
in dairy cattle and goats are based on use of estrogens alone or estrogen- 
progesterone combinations. Administration of estrogens elicits some 
udder development, e\'en though it is incomplete and histologically 
abnormal in character. Estrogens also usually initiate precocious lacta- 
tion, often within a few weeks after hormone administration begins. 
Other undesirable results which may ensue from use of estrogens alone 
are nymphomaniac behavior and distortion of the rump in cattle. Wlicn 
given in proper doses and ratios, combinations of estrogen and proges- 
terone appear to produce more normal and complete udder develop- 
ment, without inducing precocious milk secretion, and may completely 
prevent the appearance of nj'mphomaniac sjTnptoms. Subsequent ad- 
ministration of estrogens alone for a brief period usually results in initia- 
tion of lactation. 

Tlie milk from hormonally induced lactations in cattle ami goats 
undergoes al>out the same changes as after normal p.arturilion. It is 
initially colostral in nature and then changes rapidly to milk of normal 
composition (51, 93). No signific-int amounts of honnoncs h.ive htm 
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detected in the milk of animals induced to lactate by estrogens and/or 
progesterone, and such milk is safe for human consumption. 

Estrogens were first reported to initiate lactation in rabbits (58, 157) 
and rats (131, 132). Initiation of lactation in cattle and goats with es- 
trogens was first reported independently by investigators in the United 
States (85, 86, 164) and England (50, 51, 54, 68). This has been widely 
confirmed and a number of improvements have been made in the 
methods and techniques employed earlier. However, milk yields in the 
majority of treated animals have averaged considerably less than those ot 
animals following parturition, and the response has varied greatly among 
individual animals. 

Knowledge of the actual hormone secretion levels during gestation 
and at parturition in domestic animals would undoubtedly be of great 
value in formulating better procedures than are currently available. The 
problem of controlling individual variability in response is more dif- 
ficult. These variations may be caused by dissimilarities in initial hor- 
mone secretion rates, changes in endocrine balance (particularly the 
ovaries and anterior pituitary) as the result of hormone administration, 
differences in responsiveness of the udder, age, number of previous preg- 
nancies, hereditary potential for milk production, weight, breed, nu- 
tritional status, and other causes. Methods have not yet been devised 
which will overcome most or all of these variables and ensure a satis- 
factory milk response in treated animals, but there is reason to believe 
that this can ultimately be achieved. 

1. Methods of Hormone Treatment 

Estrogens or estrogen-progesterone combinations have been adminis- 
tered to cattle, goats, and sheep by subcutaneous implantation of tablets 
or pellets, subcutaneous injections of solutions or macrociy’stalHne sus- 
pensfons, /ceding, intmetron of flie udder, and, in one report in goats 
(64) by intramammary injections through the teat canal. Neither oral 
administration nor udder inunction has proved to be very effective for 
inducing lactation, although the oral rovile would offer a number of ob- 
vious advantages in treating farm animals. 

Relatively little relationship lias l>cen demonstrated between the 
amounts or ratios of hormones employed thus far and the lactational 
response in animals. Ilowcs'cr, it appears reasonable to assume that 
certain minimal amounts of hormones must be absorbed to ensure aclc- 
qvj.ite udder development and milk production. A relationship between 
the amounts of hormones al>sorbcd and milk yield is suggested in the 
results showm in Table I. It can lie seen that the three animals winch 
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absorbed the most hormones produced greater milk yields than the cattle 
which absorbed the least amounts of hormones. These results are not 
strictly comparable because of differences in breed, age, and treatment. 

Benson el al. (9) questioned the need for administering a trigger- 
ing” dose of estrogen following prior treatment with both estrogen an 
progesterone in goats, since milk yields in goats given only the t\vo 
hormones together did not differ significantly from yields in goats which 
were subsequently given a “triggering” dose of estrogen. However, 
examination of their data reveals that a high estrogen to progesterone 
dosage was used, giving mainly the effects of estrogen and hence ob- 
viating the need for further estrogen treatment. Meites et al. (100)» 
Hancock et nl. (69), and Turner et al. (162) all noted that when cattle 
were given relatively wide estrogen to progesterone ratios, filling of 
the udder with secretion did not usually occur until subsequent adminis- 
tration of additional estrogen. 

2. ilfilk Yield end Lactation Curves 

All breeds of cattle, goals, and sheep treated thus far appear to re- 
spond to hormone stimulation, and generally animals from good mffh- 
producing progeny give higher milk yields than animals of poor milk- 
producing ancestry. Freemartins respond poorly to hormone adminis- 
tration (162). Most workers find that heifers respond more readily than 
cows, although total milk yields may be greater in the latter animah. 
There is some evidence that older goals produce more milk In response 
to hormone treatments than younger goals (119). 

Daily milk yields in cattle have ranged from a few ounces per day 
to as mvich as 80 pounds daily in one Holstein cow, and in goats from 
a few milliliters daily to as much as four pounds per day. Some animals 
require a long latent period to come into lactation, while others respond 
quickly; some reach peak production after about the same inter\'al as 
normal parturient animals, whereas others begin slowly and require a 
relatively long period to reach peak production. The duration of lacta- 
tion in successfully treated animals appears to be about the same as in 
normal parturient animals. 

An analysis of the highest daily milk yields in 142 heifers and cows 
treated with estrogen implants by Hammond and Day (68), shows that 
86^f of the animals produced 20 pounds or less (a few with no 
milk); 13,67<. between 21 to 30 pounds; and lA^c, l>etwecn 31 
to 35 pounds. Tliis represents the biggest lactation experiment yet re- 
ported with estrogens in cattle. In xs'ork reported by .Marshall ct al 
(93). the lactation records of 13 diclhylstilbcstrol-injcclcd Jersey heifers 
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and cows were compared with the lactation curves of 17 normal Jerseys 
after first calving. The results (Fig. 13) show lower yields in the treated 
than in the control animals, and slightly higher lev'els of production 
when injections of diethylstilbestrol were continued into lactation. 

The response to combinations of estrogen and progesterone, whether 
treated subsequently with estrogens or not, has also shown considerable 
variation. Two nonbreeding Guernsey heifers were each implanted 
with pellets containing 2 gm. of diethylstilbestrol and 4 gm. of pro- 
gesterone (1:2 ratio), with the intention of leaving these hormones 
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Fic 13 Average irnlk yields in first lactation after injection of stilbestrol-in-oil, 
injections continued into llie lactation period, witli injections discontinued, and 
lactations following normal calvings without administration of stilbestrol From (93) 

in sifu for 3 months ( 101). It was necessary to begin milking one heifer 
on the 64th day after implantation because her udder became filled with 
secretion, but no appreciable amount of milk could be obtained from 
the other heifer until after removal of the hormone pellets 96 days after 
implantation (Fig. 14). Tlie large dose of estrogen given to these two 
animals obviated any need for additional estrogen after pellet removal. 

Hancock ct al. (69) injected one of each pair of identical twins with 
1:1000 ratio of diethylstilbestrol to progesterone for a period of 5 months, 
followed by injections of diethylstilbestrol alone for another 30 days. 
Tu ice-daily milking was begun when the normal control mates calved. 
Milk production was lO.S, 83,7, and 106,9^ of the yield attained by 
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the three lowest producers, and 419, 491, 611, and 72 5% of the yield 
of the four highest producers Turner ct al (162) similarly injected 
10 heifers with 100 pg of estradiol benzoate and 100 mg of progesterone 
(ratio of 1 1000) for 6 months, followed by injections of 3 mg of the 
estrogen daily for 14 days These animals showed an average ma'amum 



Fic 15 Milk production curves for first 109 dajs of Hctation m 2 Holstein cows 
implanted wath 100 mg dietliylstilbestrol and 3 g progesterone, folloned 90 days 
later by 1 5 g dietliylstilbestrol Implants uere removed nt end of 120 da}s and 
milking was begun 

production of 23 pounds of milk, winch the authors believed ap- 
proximated the expected yields if these heifers had calved normally 
The best daily and total milk yields during a 10 month period of 
Hctation initiated by hormone treatment were reported by Meites et al 
(100, 136) m 3 Holstein cos\s Tliese 3- to 4-year old animals had cacli 
calved once previously and failed to breed suhscquentlv' TJicy' were 
eich implanted with a toUl of 100 mg of clicthvlstilbcstrol and 3 0 gm 
of progesterone in pellet form (1 30 ratio) At the end of 3 months, the 




(Sclicrcr-s) IrMtcl to 2 Holstein cows 
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pellets were removed and a second implant was made of 1.5 gm. of 
diethylstilbestrol. The udders began to fill with secretion after the sec- 
ond implant was made and milking was begun a month later, at which 
time the diethylstilbestrol residue was removed. Their lactation curv'es 
are shown in Figs. 15 and 16 and photographs of two of the animals 
appear in Figs. 17 and 18. Their 10-month producHon as a result of 
hormone treatment compared as follows with their previous 10-month 
production after normal calving (DHIA records): Mable, 11,330 pounds 




I'lO. 17. VK^^ of liolstnii cow (M.iIk 1) when prmhiting 75-60 pounds of milk 
as nsult of liormonc jmpHntalion 


of milk »m<] '120 pounds of compared to 30G ponndi of f.it, Jnlj.i, 
7,7G0 jjounds of milk and 309 pounds of f*il, compared to 420 pounds 
of f.il; Sclicrer's Holstein, 11,930 pounds of milk and I6G pounds of fat. 
compared to 13,397 pounds of milk and 4SI pountis of f.it. TIu* liighist 
yield in pounds for each of the 3 cows was .is follows; .\!al>l«*. SO, 
Julia, 13, SeluTer’s Holstein, 50 TIu* majority of some 10 animals sunil.ir- 
ly treated produced less milk than the n\(‘rajie of nonnal p.irturieol 
cows (s(r Talde 1). 

Milk production in goats resulting from honnnne adminisiratidn li i\ 
also shown gre-it s-ari.itinn, and has Infri lx loss* asrragi* Ui most cases 
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Figure 19 shows the difference in response of 5 virgin yearling goajs 
which had been induced to lactate by subcutaneous injections of 0.2a 
mg. of diethylstilbestrol daily, a dose presumably optimal for initiating 
milk secretion in these animals (115). Better responses were obtained in 
2 goats fed a combination of 60 to 75 mg. of a dimethyl ether of dieth) 
stilbestrol and 1.5 to 1.75 gm. of thyroprotcin daily following a long 
latent period (Fig. 20). Syhes (149) reported that of 43 yearling does 



Fic. 18. V'lcw of udder of Holstein (Scherer’s) when producing 56 pounds per 

d.i) 

injected with diethylstilbestrol, 11 did not produce measurable quan- 
tities of milk; 9 produced a total of less than 50 pounds; 10, between 
oO and 100 pounds; ami 12, Iietwecn 300 to SOO pounds. Nellor and 
Reineke (119) injected goals with diethylstilbestrol and progesterone 
together for 9 to 11 weeks, followed by diethylstilbestrol alone for an 
additional 2 weeks. Milk yields ranged from 20.3 to 862% of that pro- 
duced by these docs during a subsequent lactation after pregnancy. 
Eaton ci al. (3S) obsers'cd a litglily significant correlation between the 
yields ijuhiced in young goats by injections of dielliylstlllxjslrol and the 
subswpient yields from the first natural lactation. 
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bcstrol (DMEDES) and thyroprotein for about 3 months. Hormone feeding \vas continued during lactation. 
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3. Effects on Reproductive Function and Health 
Administration of estrogens alone to cattle has often induced many 
of the typical characteristics of nymphomania, including raised tailhead, 
relaxation of pelvic ligaments and sunken pelvic bones, a tendency to 
mount or be mounted, and pelvic fractures. Raised tailheads were 
observed in some cattle by Folley and Malpress (50, 51) and by the 
Michigan workers (100, 136) even 6 months after termination of estrogen 
treatment. The ovaries of estrogen-treated cattle have often been found 
to be small and nonfunctional (68, 93), but cystic follicles and corpora 
lutea have also been observed in many cases (100). 

Meites et al. (100) found tliat implantation of 100 mg. of diethyl- 
stilbestrol and 3 gm. of progesterone resulted in some estrous symptoms 
in about half of 40 treated cattle, while Tirnier et at (162) reported a 
complete lack of estrous symptoms wilb injections of 100 pg. estradiol 
benzoate and 100 mg. of progesterone (ratio of 1:1000). In agreement 
with these reports is the observation of Hammond and Day (68) that 
the symptoms of nymphomania usually were not seen in cattle given 
estrogens alone if an active corpus luteum was present. 

Ovulation, cyst formation, and a gradual return to normal ovarian 
function have been observed in cattle follonang cessation of estrogen 
administration (50, 68, 100). Hammond and Day (68) reported Sat 
34 of 142 cattle which had failed to conceive prior to estrogen implanta- 
tion became pregnant after about 150 services following removal of die 
hormones. Folley and Malpress (50) noted tliat a majority of 32 heifers 
treated wnth estrogens became pregnant at the first service after removal 
of the implants. Cattle and goats treated ^vith both estrogen and pro- 
gesterone have also conceived following treatment. 

No detrimental effects have been observed on the health of animals 
treated with estrogens and/or progesterone. Body weight gains of from 
50 to 300 pounds have been reported in dairy cattle treated with these 
hormones (136, 163), and weight gains have also been noted in goats 
given estrogens (86). Tliis might be axpected in wew of tlie favorable 
effects of these hormones on body growth and feed efficiency in beef 
cattle and sheep (4). 

E. Increase of Established Lactation with Hormones 
Maximum milk production is usually reached shortly after parturition 
in most animals, and between one and two montlis after calving in 
cattle. Milk yields then decline at a rather constant rate, hut witli con- 
siderable variation among individuals. TIjc causes for tlie decline in 
production and the differences in persistency’ arc not entirely clc.ar. 
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They undoubtedly depend to a large degree on the secretory rate of 
hormones that influence intensity of lactation, and on factors that main- 
tain the integrity of the mammary secretory tissue. 

During the height of lactation, administration of hormones is rare) 
effective in increasing milk yields, suggesting that hormone secretion 
rates are not limiting production during this period. Several hormones 
have been shown to be effective galactopoietic agents during the declin- 
ing phase of lactation. Turner et at (163) postulated that treatment 
with a succession of hormones during the declining segment of lactation 
should make it possible to determine which hormones are limiting the 
production of individual cows. Presumably, cows that fail to respond 
to the additional hormones would be secreting adequate amounts oi 
these hormones. 

It appears doubtful that the ability of hormones to induce galacto- 
poiesis are necessarily indicative of low endogenous production of th^e 
hormones. Most dairy cattle respond to administration of thyroactive 
substances or STH, Avith significant increases in milk yield during the 
declining phase of lactation; yet there is little evidence Aat these factors 
are deficient in most dairy cattle. Again, injections of prolactin usii^ 
induce only slight galactopoietic effects in dairy cows, while ACTH 
apparently depresses milk yields; yet both hormones are essential for 
the maintenance of lactation. The galactopoietic effects of thyroactive 
substances and STH appear to depend on administering doses in excess 
of those normally produced by most dairy animals during lactation. 
There is no evidence that administration of moderate amounts of these 
hormones are harmful to these animals. 

The maintenance or replacement of lobuloalveolar tissue is believed 
to be an important factor in galactopoiesis. Although hormones that 
influence alveolar secretory intensity have some ability to maintain the 
existing mammarj’ parenebjana, there is little evidence that they induce 
any extensive de\clopment of new tissue. This appears to be particularly 
true of the two most potent galactopoietic substances, STH and ih)-!^ 
active substances, neither of which has a major role in mammarj’ grou'll'- 
In the few studies which have been made in laboratorj' animals, mitotic 
activity in the mammax)’ gland has been found to be very high during 
gestation, but virtually disappears after parturition (88, 133). 

Can doses of estrogens and/or progesterone be administered to open 
cows during (he declining phase of lactation in amounts sufficient to 
slimtilalc new udder growth, without interfering substantially wid' 
existing milk production? If this could be done for scs-cral montlis and 
then tcrmin.'ilcd, sufficient nc%v mammarj' tissue might be dcs-clopctl 
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to evoke a substantial boost in milk yield. The fact that cows can be 
simultaneously pregnant and lactating, with no noticeable decline in 
milk production until after the fiftli monfli of gestation, suggests that 
administration of proper doses of the two hormones may produce a sub- 
stantial increase in lactation. This combination treatment may be par- 
ticularly valuable in cows tliat fail to breed after parturition, but would 
probably not be suitable for cattle that are botli lactating and pregnant. 
There is some evidence that administration of small amounts of estrogen 
alone during the declining segment of milk production may increase per- 
sistency, and this may be brought about by helping to maintain a high 
secretion of pituitary prolactin, by inducing growth of new mammary 
tissue, or by other means. 

1. Pituitarij Hormones 

a. Whole Anterior Pituitary Extracts. ^Vhole anterior pituitary 
preparations elicit increases in milk yield during the declining but not 
during the peak phase of lactation in dair)' cattle and goats. Folley and 
Young (57) injected the equivalent of 2.5 gm. of fresh anterior pituitary 
subcutaneously into 85 cows every 2 days for 3 \veeks, and noted an 
increase in milk yield of 20^ during the period of injections, and a 
further 15^ increase during the following 2 weeks. A comparison of 
anterior pituitary extracts from 3 different species indicated that equiva- 
lent amounts of horse pituitary were more effective than ox pituitary, 
while extracts from pig or sheep pituitary depressed milk production in 
cattle (53), This is of interest, since the anterior pituitary contains at 
least three hormones, STH, prolactin, and TSH, ^vhich can increase 
milk yields in dairy cattle, while a fourth hormone, ACTH, apparently 
depresses lactation in tliis species. It is possible tliat the variations in 
pituitary' concentration of these four hormones in different species ac- 
counted to some degree for tlic variations noted in response to treat- 
ment. 

h. Somatotropin (STII), Wicn purified STH preparations became 
available, Cotes cf al. (20) established that they were higlily effective in 
increasing milk yields in wtllc. It was concluded that all or praclicall)’ 
all of the galactopoiclic activity exhibited by iinfractionatcd ox anterior 
pituiiaiy extracts in single-injection tests could be attributed to tlic 
STH present. There was no indication of a sjmcrgislic effect when STII 
'‘Xns administered together with prolactin or .\Cmi (49), although Shaw 
ci at. (J46) were able to counteract the depressing effects of .\CT/f on 
milk yields in cattle xrith STH. 

Tlie IJritish worken? suggested tliat the g.il.iclopoietic action of STH 
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is a reflection of its ability to preserve foodstuffs from oxidation, as in 
growth and diabetogenesis (28). Tlie galaclopoictic action of STH 
apparently is exerted on the udder itself rather than through any general 
systemic effects, and it is agreed that STH increases the net efficiency 
of milk production (22, 25, 75, 146). Turner (personal communication) 
believes that STH mobilizes all milk precursors for increased milk pro- 
duction. STH does not increase milk yields in lactating rats as measured 
by Mtlei weight gains, although the body weights of the mother rats ate 
increased (98). 

GH (mg) (arithmetic sale) 



Fig. 21. EeUUon between log dose o{ sosn 2 totiop\n (GH) and increase in 
yield in cows (75). 

Hutton (75) noted a highly significant linear relationship between 
the log dose of STH injected and the resultant increase in milk yielu 
in cows (Fig. 21). STH has been reported to increase milk production 
during the peak as well as during the declining phase of lactation (22)> 
an observation contrary to the results observed with whole anterior 
pituitary extracts. Shaw (145) reported that injections of STH 
heifers for 9 days before and 16 days after parturition increased lacta- 
tion for the entire remainder of the lactation cycle, but this was not 
confirmed by Brumby (21). 

In ewes, daily intramuscular injections of 25 mg. of STH increase^ 
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milk yields from 22 to 40% and significantly increased fat test (82). In 
lactating goats which had previously been fed thyroprotein for three 
months, Meites (96) observed that daily injections of 50 mg. of STH 
increased milk yields by 10 to 15% over the controls, and partially pre- 
vented the usual decline in production that follows discontinuation of 
thyroprotein feeding (Fig. 22). 



Fig. 22. Partinl maintenance of milk production in 4 goats given STfl (solid 
line) as compared to 4 control go.als (stippled line). STH injections were b<>gim 
immediately after slopping thyroprotein, which had been fed for 3 months. 


c. Other VituUanj Hormones. Prolactin injections have induced 
only small or moderate increases in milk yield in tlie cow and goat (5, 
56, 150). Prolactin and STH injected togctlicr induced a greater in* 
crease in milk production in cows than eitljcr substance alone (22). 
TSII caused moderate increase in milk yield in the cow, and injections 
of TSII and STH together produced greater galactopoielic cfFects than 
cither substance alone (167). 

ACITI injections have usually produced a prompt fall in milk jdcld 
in the cow (20, 44. 146). Meites and Pcincko (100) noted lh.il injections 
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for two 7-tlay periods of 100 mg. of cortisone acetate daily into goats in 
declining lactation did not alter milk yields. According to Shaw et ah 
(146), the adrenal glucocorticoids may have an important role in 
regulating milk fat composition in the ruminant, and in the etiology of 
ketosis in dairy cattle. These workers reported favorable results in 
treating ketotic cows with these hormones. Further work to determine 
the effects of ACTH and adrenal cortical hormones on lactation in farm 
animals would be desirable. 

There is some indication that frequent injections of oxytocin may 
retard the normal decline in milk yields of cows (1, 36, ^). It has 
long been established that oxytocin injections following normal milking 
stimulates the release of additional milk with a high fat content. The 
beneficial effects of oxytocin are usually attributed to a reduction in 
intra-alveolar pressure, thereby increasing the capacity of the alveolar 
cells to synthesize milk, but recent work suggests that intra-alveolar 
pressure does not significantly influence the rate of milk secretion until 
16 to 20 hours after milking (40). Since oxytocin does not alter pituitary 
prolactin secretion (67, 111), it may stimulate other factors favorable 
to lactation. 

2, ThijroacUve Substances 

Thyroidectomy results in reducing, while administration of thyro- 
active materials results in increasing, milk yields in cows and goats. 
The most widely used thyroactive substance is thyroprotein, a bio- 
logically active, iodinated casein containing about Vfo thyroxine (135). 
This material has received extensive field trials during the past 15 years 
and has been approved for commercial use by the Pure Food and 
Drug Administration. Excellent reviews of its galactopoietic effects 
have been Nvritten by Blaxter et aj. (14) and Thomas (153). 

Synthetic L-thyroxine has recently become available in commercial 
quantities (24), and British workers (7, 49) believe it has several ad- 
vantages over thyroprotein. They point out that it is readily obtainable, 
is acti\'e orally, and its purity makes biological assay unnecessary. An 
oral dose of about 80 mg. of L-thyroxine is stated to have a galacto- 
poietic equivalent of about 20 gm. of thyroprotein in the cow. It re- 
mains to be seen whether L-thyroxine will prove to be as economical as 
thyroprotein or as practical in application. 

a. Tactors Influencing Milk Yields. Many factors influence the 
ability of thyroactive substances to increase milk yield, including dosage, 
stage of lactation, length of period of treatment, nutritional status, 
heredity, age, body weight, temperature, seasonal influences, etc. Blax- 
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ter (13) concluded that, for doses of 15 to 30 gm. of thyroprotein daily, 
the response was directly proportional to dose. Doses of 5 gm. daily of 
thyroprotein were found to produce no significant increase, whereas 
high doses, up to 80 gm. daily, elicited a large initial rise in milk yield 
of relatively short duration, accompanied by severe losses in body 
weight, tachycardia, and elevated body temperatures. The effects of 
different doses of thyroprotein on milk yield are shown in Fig. 23. 



F»c. 23. Effects of different doses of thyroprotefn (iodinated casein) on milk 
yields of groups of 7 cons in declining phase of lactalion (SI), 

Wien thjToprotcin is fed at recommended levels, tliere is iistiaHy a 
10 to 25^0 increase in milk yield, and milk fat is raised by 0.2 to 0.4 
percentage points. These increases will usually persist for only two to 
three months or less if cows arc limited in feed intake to tlicir usual 
levels. If sufficient extra feed is given, a substantial increase in pro- 
duction can be maint»aincd for the entire lactAXlion period. Optimal in- 
creases in milk yield are bclicx’ctl to be attained when cows arc fctl at 
least I'Zo^o of the cow’s maximum rcquircmcr.ts (1S3). 

According to Blaxter ct al. (14), smaller animals arc stimulated to 
•'i greater degree by thjToprotcin than larger animals, but older cows 
sljow a grc.itcr response than younger cows. Anfmnis with good milk 
producing potential usually respond Ix'lter llian poor protlucers, and 
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tained pituitary prolactin levels above tliat of control parturient rats, 
although litter weight gain was reduced. Injections of diethylstilbestro 
and thyroxine into 2 goats near the end of their lactation periods in- 
creased milk yields from less than 2 pounds to behvecn 3 and 4 poun 
daily and maintained these levels for a full year (112). Althoug 
controls given thyroxine alone were not available, it is doubtful that 
the thyroxine accounted for all of the observed increase in milk pr^ 
duction. Additional evidence has recently been presented that a 
ministration of diethylstilbestrol and thyroxine into lactating cows may 
be more effective in increasing milk production tlian thyroxine alone 


(163). 

Turner et al. (163) fed 5 heifers in declining lactation wth 10 mg- 
of diethylstilbestrol daily for 4 weeks, and reported that the decline 
continued in some animals for 1 week, followed by a tendency to be 
arrested and show a slight increase by the fourth week. Bro\vning ct <«• 
(20) fed 10 mg. of diethylstilbestrol daily to 5 cows, beginning 60 days 
^ter parturition and continuing for the follo\ving 8 months. Five ide^ 
deal twins were used as controls. The estrogen-treated cows averaged 
13% more fat-corrected-milk than the controls, an increase attributed 
to greater persistency. Wrenn and Sykes (166) similarly fed 10 to 15 
mg. of diethylstilbestrol to 12 cows for 60 days during the declining 
phase of lactation. No changes in daily milk production were noted, 
hut controls were lacking with which to compare persistency. 

Small doses of estrogens have been reported to induce an “enrich- 
ment” of milk from lactating cows, increasing both total fat and solids- 
not-fat (45, 147). Apparently there is no change in total milk yield. 
Hutton (75) recently observed that injections of 12.5 mg., but not of 
23.0 mg., of estradiol benzoate daily induced an “enrichment” effect m 
cows, emphasizing the relatively narrow dosage range of estrogens 
necessary to produce this effect- The “enrichment” effect may be re- 
lated to the increases in milk fat observed by Browning et at (20) upon 
diethylstilbestrol feeding. Turner (personal communication) has re- 
cently demonstrated that small amounts of estrogen may increase 
thyroid function in cows. 


There has been considerable speculation as to whether pasture plants 
contain sulBcient amounts of estrogenic substances to influence lactation. 
Although estrogens have been demonstrated in many plants, there is 
as yet no convincing evidence that tiiey are present in amounts suf- 
ficient to either stimulate or mhibit milk secretion in farm animals. 
A possible exception may be the subterranean clover found in Australia. 
This subject has been revaewed recently (16, 128). 
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Fig 25 Katings for udder congestion in 8 heifers treated by inunction of the 
udders with diethylstilbestrol (expenmenHl group) compired to 6 control heifers 



Trc 26 Principal hormones believed to control mamimr) groNs-tli tlst = 
Frog progesterone, AP-lilvC hormones from placenta = AP tike hormones 
other than gonadotropins 
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with few exceptions, low-producing animals cannot be made into high 
producers by administering thyroactive substances. Most investigators 
have found that thyroactive materials are usually less effective in induc- 
ing galactopoiesis in hot as compared to cooler climates (14). Smaller 
amounts may be desirable in warmer climates. 

The precise mechanisms by which thyroactive substances exert their 
galactopoietic effects are unknown. There is little evidence that the 
gross efiSciency of milk production is increased by thyroprotein feeding. 
The galactopoietic effects of thyroxine have been attributed to an ac- 
celerated rate of work by the whole body, increasing feed intake and 
assimilation, increasing blood circulation and the blood supply to the 
udder, and stimulating greater activity by the alveolar cells (130). It 
has been suggested that administration of thyroactive substances may 
raise prolactin secretion by the pituitary (55), but no effect of thyroxine 
on the prolactin content of the pituitary was demonstrated in rats (111)* 
The galactopoietic action of thyroactive substances apparently is not 
mediated through increased STH secretion, since Meites et al. (100) ob- 
served that administration of optimal doses of thyroprotein to lactating 
goats was accompanied by an enhanced response if STH was also given. 
The galactopoietic effects of these two substances appear to be exerted 
independently of each other (Fig. 24). 

h. Ejects on General Health and Reproductive Function. Adminis- 
tration of thyroactive substances has usually been found not to be harm- 
ful to health, longevity, or reproductive activity. Losses in body weight 
are related to dosage of thyroactive material given, and cessation of 
treatment is invariably followed by rapid gains in body weight. Extra 
feed intake prevents large body weight losses, which can amount to 
10 to 15fo of original body weight. Increases in heart, pulse, and 
respiration rates are usual, but electrocxirdiographic studies have not 
revealed any damage to the heart (IH). No definitely harmful effects 
on reproductive functions have been estafafished as a result of adminis- 
tering thyroactive substances for short or long periods, or during suc- 
cessive lactations. Tliere are some indications that thyroprotein feeding 
may actually be beneficial to reproductive functions. 

3. Estrogens 

Meites and Turner (112) first suggested that administration of small 
amounts of estrogens during lactation might increase established miik 
yields by maintaining a high level of pituitary prolactin secretion and 
inducing new growth of mammary tissue. Tliey reported that in- 
jections of dicthylstilbcstrol for 14 or 21 days into parturient rats main- 
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Inunction of the udder with estrogens may be beneficial in relieving 
udder congestion frequently encountered after calving. Meites et al 
(99) massaged the udders of 8 heifers on the first and second days after 
calving with 200 mg. diethylstilbestrol in 10 ml. com oil, and compared 
these with 6 control heifers whose udders were massaged with an equal 
volume of com oil. Daily ratings of udder congestion were made, de- 
pending on the area of congestion and pliability of the udder. By the 



Fic. 27. Nen’ous and hormonal (acton believed to maintain lactation after 
parturition. The milking stimulus is believed to induce the release primarily of 
oxytocin, prolactin, ACfll, and adrenal glucocorticoids. Other hormones favorable to 
lactation may also be released by the milLjng stimulus. STH and the thyroid exert 
an important influence on the rate of roillc production in some species. 

tlitrd postpartum day, udder congestion was reduced by half in tht? 
estrogen-treated heifers and was completely eliminated by the end of 
14 days. By contrast, udder congestion in the control heifers was re- 
duced at a considerably slower rate (Fig. 25). The leucocyte count in 
the milk of the cstrogcn-trcaled heifers was also lowered more rapidlyi 
and there was no effect on milk yield. These effects are belies’cd to be 
induced bj’ increasing circulation in the udder, thereby rcl/cvdng s’cnous 
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and lymphahc stasis Further worh is necessary to determine the ef- 
fectiveness of this treatment Diagrammabc representations of the hor- 
monal control of mammary growth and maintenance of lactation are 
shown in Figs 26 and 27, 
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79-80 

types of, 144-145 
vaginal changes in dog during, 379 
variation in number of ova in 
ovary during, 19 

X-irracIiation i^uence in dog on, 385 
Esttus 

abnormalities in dog of, 390 
behavior in cow’ during, 225 
control in ewe of, 312-323 
constant, induct by hypothalamic 
lesions, 198 
definition of, 140 
detection of 
m tfog, S8S 
in mare, 283 
duration of 
in COW’, 225 

effect of coitus In smv on, 340 
effect of sexual age in saw on, 339 
in ewe, 296 
in heifers, 220 
in marc, 2T2-274 
in sow, 339-340 

effect of lactation in sow on. 340-34 1 
hofmonal induction in ewe, 312-323 
inhfliition by progesterone in cow of, 
244 
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mamfestabons of 

m dog, 365-366 
m sow, 341 

ovulabon tune in sow related to, 34 
350 

folloiving partunUon in mares, -7 

during pregnancy in ewe, 50 

produced in ovanectomized cons, 24 
progesterone and, 138 
time in relation to 

parturition in sow, 340 
weaning in sow, 340-341 
seasonal variation 
in jennet of, 274 
m mare, 273-274 
Ethmyltestosterone, 113 
Ewe 

control of ^ 

changes in reproduchve bact, 

323 


oralahon induced with gonadotropms 

m, 81, 310-312 
ovum transport m, 298 
progesterone content m blood, 308 
progesterone levels dunng pregnancy 

in, 501 

gewial season of, —9.- 
“sdent" estrus in, 204 
sperm bansport in, 299 

superovnlahon with gonadobopms m, 

325-328 

’^^^eptor in reprodncbve photcperiod- 

of, 188-189 


estrus in, 312-323 
ovulation in, 309-312 
corpus luteum in, 298 
cyclic changes 
in oviduct, 298 
m reproductive tract, 296-304 
in uterus, 299 
m vaginal smear, 300-304 
estrogen e\crebon in, 307 
estrous c)cle of, 291-328 
estrus induced wnth progesterone » 

313 

“flushing” in, 297 
foUiailar growth in, 297 
gestation length 
hentahihty of, 512 
nutnhoml effect on, 515 
relation to age of dam, 519 
seasonal effect on, 515 
gonadotropin content in pitmt'^O 
305-307 

lionnonal control of ovulation m, 

hormonal induction of estrus m, 

323 

niainU nance of precnanc) after o'"!!* 
<ctom\ in. 501 

ncunl control of osulation in, 31 
OMilitlon in, 200-29S 


FSH see FoUicIesbmukbng hormone 
Fallopian tubes, see Oviduct 
Fecundity 

Femak®'rep^ucbve organs, see aUo 
individual organs 
anatomy of, 1-27 
m cow, 229-231 
cyclic changes in, 14-- 
cyclic changes 

m mare, 281-8 

development of, l-i'i 
effect of androgens on. 126 

m goat* 328-329 

hutological changes m mam of, -8- 

.roStnal control in evv o of, 323-325 

transport of sperm m, 407 

Ferret - 

estrous c>ele of, 144 
Fciblit)’ 
m dog 392 
effect of 

age in dog on. 3,0^ 
progestcronejin, -ol 

h j^one m'ie'r^'wions and. 84-80 

Fertdiz-at'O"’ 110-^ 

vbnennahties of. 

activation of ovaim ‘>">'• 4“ 

btuopolvapermv and. 113 
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definition of, 410 
effect of 

number of spenn in oviduct, 227 
sperm concentration on, 409 
time of insemination in cows, 227- 
228 

penetration of sperm through the 
cumulus oophorus, 411 
physiolo^cal mechanisms of, 408-418 
polj’spermy and, 409 
pronucleus formation, 414 
role of cumulus oophoms, 409 
site of, 405 
syngamy and, 414 
time relations of, 417 
in oifro, 418 
zona Ij'sin and, 412 
zona pellucida and, 411 
zona reaction following, 412 
Fertilization cone, 412 
Fcrtilizin 
in mammals, 410 

Fertilizin-antifertiUtin reaction, 410 
Fetal ovaries 

production of se:t hormones by, 10 
Fetal pituitary 
effect on partiuritioo, 531 
Fetal testis 

influence of injected gonadotropin on, 
10 

Fetus 

adrenal gland activity in, 490 
of Ixm'ne, 4, 6 
rlcvclopmcnt of, 463 
effects of 

castration on, 495 
liormoncs on. 495 
endocrine functions of, 495-497 
estimating age of, 461-468 
factors affecting size at birth, 463 
liormoncs in gonads of, 495 
mortality of. 470-471 
niiml>eT and sue affecting gestation 
length. 516 

pmlfmgesl. ahnormahtics of, In Coem- 
ses-s, 521 

sex nf, influencing gestation Icngtli, 
517 

sire in prolongesl gestation in Ciirrn- 
tes-s, 521 


thyroid of, 496 
wei^t, age formula of, 464 
Flushing 

effect on ovulation rate in sow, 350- 
351 

in ewe. 297-298 
Foal heat, 276-277 
fertility in, 277 
Follicle, see Ovarian follide 
Follicle stimulating hormone, see oho 
Conadotropinfs), pituitary 
assay of, 91-93 
effect on 

estious cycle, 141 
hypophysectomized rats, 67-72, 81- 
83 

in hypothyroidism, 161 
infundibular control of secretion, 197 
pituitary content during pregnane)', 

476 

purity of, 72 

ratio to luteiQiziDg hormone 
in body fluidls, 102-104 
in pituitary, 202-104 
secretory control of, 78-80, 196-1S8 
species differences in pituitary con- 
tent of, 145 
Freemartin 
development of, 493 
Lillie's theory of, 15, 127, 495-496 
Fructose 

effect of androgen on secretion of, 123 

© 

Genetic sex, recognition of, 1 
Genital organs, see also Itcproductis'C 
organs 

blood supply in dog of, 369 
cjxrllc changes in dog of, 371-3S1 
prcpuhcral dcselopmcnt in dog oh 
36O-30-1 

suspension In dog of, 307 
Cerminal cpilhcltum, os source of os a 
during maturity, 19 
Germinal \TSkle, 401 
Gestation, tcc aho Pregnane)' 
duration of, in dog, 093 
prolactin concentration in pituitary 
during, 531 

Gestation length, 509-523, irr eho Pro 
k*ngeti gestation 
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breed differences 
m beef cattle, 513 
m goats, 513 

m rabbit, 513 ^ 

m breeds of domestic animals. ol^J- 
511, 513 
effect of 

environment on, 513-5iy 
fetus m horse on, 512 
hereditary factors on, 511 
number and size o£ fetu^s on, 516 
order of pregnancy oo> . 

paternal geneUc factors on. Sll, 
factors affecbng, 509^19 
hentabihty of 
in cow, 512 
m ewe, 512 

in mare, 512 , , 

internal environmental influences, 

imtion of, 516 
nutntional effect on 
m ewe, 515 
m mare, 515 
relation to age of dam 
in cow, 518 
in ewe, 519 
in goat, 519 
in mare, 519 
m sow, 519 
seasonal effects 
in cow, 514 
m ewe, 515 
in goat, 515 
in mare, 514 
Glj cogen 

C) clic cliangcs in uterus of coW, 
deposition m \-agina follosvmg 
gen, 131 

In ON anan follicle, 233 
In relation to cstrous cjclc, 233 
Goat 

effect of o\anectomy on, 500 
cstrous cjcle of, 328-329 
gestation length 
breed differences m, 
relation to ago of dam In, 51 
seasonal effect on, 515 
ovailation Induced In, 81 
reproductiN c aclhll' lu. 328 *• 


Goitre, endemic, effects of, m domesUc 
animals, 157 

Goitrogens j 1^7 161-162, 

hypothyroidism and, 157, 

GoJi-— - 

indiN'idual hormones 
blood levels of, llS-119 

SontbSeofsp353^ 
estrous cycle and 140-M5 
general actions of, 115-U9 

Lmmary gland gyowth and, 540 

source of, 114-U5 

GoStrlpnlt” - 

hormones 

antagonism betivKo, 72-74 

biotff 

pregnant liuman, 97 tun 

Sn^»®"pSry gonadotropins, 
100-106 - 

of soiv. 

348-349 
duably of. 67 
effect on cstrous cycle 
dog, 367^88 

,n irnre. ^66 
.n SOIV. 3524J33 
effect on ovary 

of ancstroiisoMC, zii 

of calf, 2ol 
of no". -52 

r„dtrof’"V 

effect on secretion of 

by androgons. 115 

bi castration. *— 

bs environment, 166-19 

b> b't;tl.alinm> 191-'P2 

bs lesions ofli'l™ , 3,9 
Inllncncv on irm 
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levels in nonpregnant human, 98-100 
neural control of secretion, 186-203 
ovulation induced in ewe with, 310- 
312 

physicochemical properties of, 76 
in prenatal life, 8 i 

purity of, 75-76 

relation of pituitary and urinary gon- 
adotropins, 100-106 
relation to type of estrous cyde, 145, 
270-271 

relative potency in hypophyseclomized 
rat, 69 

in rhesus monkey, 90 
role in reproductive processes, 49-110 
seasonal ratios in mare, 271 
specifidty of, 77 
survival in the circulation of, 101 
synergism between, 72-74 
urinary concentration during men- 
strual cycle, 80 
Gonadotropin complex, 67*75 
Gonadotropin, equine 
assay of, 9^97 

biological properties of, 88, 494 
blood levels during pregnancy, 88-90, 
488-489 

chemistry of, 493 
eflcct on 

estrous cycle of dog, 388 
ovar}’ of pregnant mare, 497 
tubules of testis, 69 
owilatlon induced by 
in cows, 81-82 
in ewes, 81 
in goats, 81 
In mice, 82 
in rats, 82 
in SQNvs, 82 
in women, 83 
purification of, 88 
source of, 493, 497-493 
urinary IcncIs of, 488 
Gonadotropin, human cljorionlc 
assay of. 91-90 

biological properties of, 88, 49-1 
cliemUliy of, 493 
effect on 

estrous cjtIc in dog, 385 
frtal rat ovarirs, 17 
tulniles of testis, 09 


levels of, 487 
ovulation induced by 
in cows, 81 
in mares, 286 
in mice, 82 
in rats, 82 
in women, 82 
purification .of, 88 
source of, 493 

in urine during pregnancy, 88-90 
Gonadotropinfs), pituitary, 59-lW» 

aUo Follicle stimulating hormone. 
Luteinizing hormone and Pro- 
lactin 

assay of, 91-94 
chemical fractionation of, 75 
content in ewe of, 305-307 
drugs causing release of, 200-201 
effect on 

ovaries of fetal rats, 17 
hormonal regulation of secretion, 78- 
80 

level during pregnancy, 476 
mechanism of release, 199 
neural control of secretion, 80 
ovuhtion induced by 
in calves, 82 
in cows, 81 
in mice, 82 
in monkey, 82-83 
in rats, 82-83 
In women, 82-83 

relations to gonadotropins in body 
fluids, 100-106 
spedcs specificity of, 77-78 
Gonadotropinfs), placental 
function of, 494 

Gonads, sec also Ovary and Testis 

activity after hypophysectomy, 61-60 
development in hone fetus of, 498 
emhrj’onic differentiation in dogs, 360 
hormone content in horse fetus of, 499 
mesenchimal primordium, 3 
role In sex differentiation, 13-18 
suspensory ligament of, 5 
Gonads, embrj-onic 

liormonc secretion by, 127 
Conads, fetal 

l>Oinnonr3 in, 495 

Graafian follicle, ire Ovarian follicle 
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Growth hormone 
effect 00 

lactation, 578-581 
mamioary gland growth, 545 
milk yield, 579 
role in pregnancy of, 477 
Gubemacuh, 12 
Gynogenesxs, 418 

H • 

HCG, see Gonadotropm, human chon- 
omo 

Heat, see Estrus 
Hemotrophe, 434 
Hepann 

in human endometrium, 22 
tyrosine and b^lojihan in, 22 
Hippomanes, 444 
Histotrophe, 434 
Hooker-Forbes test, 139 
Hyalurome acid 
in cumulus oophorus, 411 
Hyaluromdas© 
in spenoatozoa, 411 

Hypersexuality, effect of brain lesions on, 
210-211 

Hyperthyroidism, see also Thyroprotem, 
Thyroid hormone and ThjToxine 
definifaon of, 158 
effect On 

puderty in mice, 161 
>^®spQnse to gonadotropins, 161-162 
scmcn produebon of rams, 164 
Hypogastric nodes, 20 
Hypophy^ectomy 

atrophy ©f t},e gonads following, 60 
effect Un 

estrons ejele in dog, 386 
J'JCbibon, 547 
prcghancy, 474, 477 
^‘T’J'txIuchvc sj-stem, 60-66 
In feti\ rais and mice, 10 
gomdAl acluily follouing, 61-60 
light rtjsponse affected bj, 188 
o\~irnu regression follo\\ang, 60 
sulistlhjbon tlicrapy after, 60 

regression following, 60 61 
Hj-pophy^t^^-mmy, clKinlcal 

b> esl^g^ns^ I33 
lUpothal'jujjj^ 

of, affecting gnmdotropm se- 
I0I-I02 


effect on parturition, 214-215 
in environmental control of reproduc- 
tion, 188-191 
lesions of 

gonadotropin secretion and, 191-192 
mabng behavior and, 208-209 
puberty and, 213 

reproductive re^onse to light and 
188 

lutemizing hormone release control 
by, 198-200 

prolactm secretion mdependent of^ 201 
role in parturition of, 531 
Hypothyroidism, see aho Thiouracjl and 
Thyroidectomy 
aSect DI3 

estrous cycle of bovine, 163 
gonadotropm secrebon, 161 
menstrual cycle of monkeys, IG3 
ovary of birds, 172 
response to gonadotropins, 161-162 
testes of birds, 170-171 

I 

ICSH, see Luteinizing hormone 
Implantabon, 436-438 
delayed, 434 

due to season, 514 
in do^, 360, 392 
methods of, 434 
time of, 428 
in cow, 436 
m mare, 437 
m sheep, 438 
m sow, 436 
Inbreeding 

effect on puberty in sow of, 337-338 
Infertility 
estrogen and, 131 
liormoml interrclabons in, 84-86 
Inner cell mass, 424 

Insemination, hme In relation to fertility 
in cow, 227 
Intcmallonil unit 
of androstcrone, 127 
of equine gon'ulolropin, Dl 
of estradiol, 135 
of estrone, 135 

of Imman rfiorlonic gonadotropin, hi 
of prolactin, 01 





Interstitial cell stimulating hormone, see 
Luteinizing hormono 
Interstitial cells of testis, C9 
development of, 2 
source of androgens and, 34 
Interstitial tissue of ovary 
comparative studies of, 20 
derivation from theca interna, 19 
esteriCed cholesterol in, 20 
lipid granules in, 19 
of rat, 19 
Intoxication 

due to incompatibility in parabiosis, 
528 

J 

Jennet 

breeding season of, 270 
seasonal variation in length of estnis 
in, 274 

K 

17»Ketosteroids 
blood levels of, 115 
effect of oxytocin on excretion of, 258 
excretion during childhood, 119-120 
in human female, 125 
relation to androgen secretion, 129 

L 

LH, see Luteinizing hormone 
Labor 

induced in sow xvifli oxytocin, 531 
oxytocin release during, 527 
in prolonged gestation, 521 
stages of, 523-526 
Lactetion, 

blockage by epinephrine of, 558 
curve following experimental Induc- 
tion of, 569 

depression by estrogen of, 559 
effect of 

adrenal cortical hormones on, 554 
adrenalectomy on, 554 
adrenocorticotropin on, 534 
different hormone ratios on curve of, 
S69-576 

hormones at vanous stages oo, 578 
hj-pophysectomy on, 547 
induction on health, 577 


nen’ous system on, 535 
neurohypophysis on, 559 
pancreas on, 554 
parathyroid on, 553 
posterior pituitary’ on, 558 
somatotropin on, 578-581 
suckling stimulus on maintenance 

of, 555 

effect on estrous cycle in sow, 340-341 
experimentally induced, characteristics 
of milk, 565 

experimental induction of, 565-577 
failure in hypophysectomized rats, 84 
galactopoietie su^tances and, 578 
hormonal requirements for, 546-593 
hormones used for experimental in* 

duction of, 565 

increase by hormones of, 577*589 
initiation and maintenance 
by anterior pituitary, 547 
by prolactin, 548 

mechanism of suckling stimulus and, 
558 

mechanisms controlling Initiation at 
parturition, 559-565 
Meiles-Tumer theory of, 560-564 
method of experimental induction of, 
566 

neural factors controUbg, 215-216 
in partially developed mammary sys- 
tem, 542 

role of estrogens in initiatioQ of, 559 
Leydig cells, see Interstitial cells of testis 
Light 

durab'on necessary for reproductive 
stimulation, 188 

effect of wave length on reproduction, 

187 

effect on 

ovarian function in mare, 270 
pituitary activity of mare, 270 
sexual season in ewe, 292 
gonadal regression inhibited by, 187 
hypophysectomy affecting response to, 
183 

light-dark alteration, effect of, 188 
metabolism increased by, 190 
reproductive cycle control by, 186-191 
threshold for stimulation of reproduc- 
tive activity, 188 
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Light recepban 
m birds, 189 
in mammals, 188’189 
opbc nerve in mammals and, 188-189 
ventral nuclei in lateral geniculate 
body and, 189 
Lillie’s freemarbn theory, 15 
Lobuh epididymidis, &ee Coni vasculosi 
Lutemizing hormone 
assay of, 92-94 

control of secretion of, 198-201 
effect m hypophysectomized rats, 67 
estrous cycle and, 141 
pituitary content dunng pregnancy of, 
476 

rabo to FSH 

in body fluids, 102-104 
in pituitary, 102-104 
Luteolropm, see Prolactin 

M 

Male accessory reproducbvo organs 
influence of a male set hormone on, 16 
response to set hormones dunng child- 
hood, 119 

Male accessory set glands 
anatomy of, 41-48 
artenal supply to, 42 
Male hormone, see Androgens 
Male reproductive organs, see aho in- 
dividual organs 
anatomy of, 29 57 
development of, 30-31 
postnatal anatomy of, 31-55 
Mammals, effects of castration on, 121- 
122 

Xtammary gland, 6, 539-589 

adreml corhcal influence on dcNajlap- 
ment of, 545 

denvation and development of, 5, 539- 
54G 

effect of 

androgens on dewlopmcnt, 540 
anterior pituitary hormone on 
grmvth, 542-545 
estrogens on, 132 
estrogen on ducts, 540 
estrogen progesterone mUturcs on, 
5-tO 

gonadal hormones on growth of, 540 


growth hormone on growth of, 545 
hormones in hypophysectomized, 
ovanectomized rats on, 544 
placenta on development of, 546 
progesteToae on, 139 
thyroid on development of, 545 
estrogen-progesterone rabo for growdi 
of, 542 

growth dunng lactabon, 578 
growth and lactabon antagonism, 560- 
563 

growth penod dunng pregnancy of, 
491 

growth in pseudopregnant dog of, 383 
hormones required for growth of, 540- 
546 

mvolubon in dog, 384 
involubon prevenbon by cortisone ace- 
tate, 545 

lactabon m parbaUy developed sys- 
tem, 542 

pregnancy changes in, 490 
progesterone-estrogen rabos for full 
development of, 491 
prolacbn and growth of, 544 
relaxin and, 147 

size, effect on milh produced by, 540 
^cies differences m growth require- 
ments of, 139 

supernumerary pair of nipples, 7 
tumors m dog, 391 
Mammogen 1 

estrogen as sbmulator of secrebon, 544 
Mammogen II 

estrogen-progesterone shmulahon of 
secretion, 544 
Marc 

breeding program for, 255-287 
cyclic chmges 
in cervix, 281-2S2 
in mucus, 281 
in ovir>% 279-280 
in utcnis, 282 
in vapm, 281 
dievtnis, 274-270 

following parbirilion, 275 
effect of 

domestication on breethng season, 
207-208 

estrogen on onrj', 271 
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estrogen on pituitary, 286 
gonadotropin on estrous cycle, 286 
gonadotropin on ovulation, 280 
nutrition on breeding efficiency of, 
275 

estrus in, 285 

following parturition in, 276*277 
foal heat of, 276-277 
gestation length 

effect of nutrition on, 515 
heritability of, 512 

histolo^cal changes in reproductive 
tract, 282-284 
mating behavior, 284-285 
ovary of, 277*279 
pregnancy diagnosis in, 89-90 
prolonged gestation in, 520 
pseudoestnis in, 269 
seasonal changes 

in breeding efficiency, 270 
in fertility, 268 
In gonadotropic activity, 271 
in length of estrus. 273*274 
silent estrus in, 285 
vaginal smear of, 283 
viability of ovum in, 289 
viability of sperm in reproductive tract 
of, 286 

Mating behavior, 203-211 

brain areas involved with, 208-211 
decortication and male sex activity, 

209- 210 
in dog, 392 
effect of 

castration on, 205 
bonnone administration on, 207 
hormonal control of, 205-211 
hypersexuality due to brain lesions, 

210 - 211 

in mare, 284-285 

nonspecific acHon of hormones on, 206 
physiological mechanism of gonadal 
hormones, 207-211 
reflex patterns of, 204-205 
Maturation of ovarian follicle in dog, 372 
Mediastinum, 32 
Medullary cords 
in human ovary, 9 
ovarian, 15 


Mclosts 

phases of, 402 
Mesonephros, 4 
Mcsotliclium, 11 
formation of ova from, 5 
secondary sex cords from, 4 
Metabolism 
li^t effect on, 190 
Metestrous bleeding in cow, 228 
hfetestnis 
definition of, 140 
in dog, 366 
Mctiial gland 

eosinophilic granular cells in, 22 
Metrorrhagia 
in cow, 22 
in dog, 365, 378 
in primates, 22 
Milk 

diaracterisUcs in experimentally in- 
duced lactation, 565 
Milk “let-down” following coitus, 178 
Milk production, mammary gland size 
and, 540 

Milk secretion, following prolonged ges- 
tation, 521-522 
AKIfc yield 
effect of 

anterior pituitary hormones on. 579- 
582 

estrogen on, 584-589 
^owth hormone, 579 
hormones at various lactation stages, 
578 

prolactin on, 581 
thyroid hormone on, 582-584 
factors aBecting thyroid hormone ef- 
fect on, 582 

following artificial induction of lacta- 
tion, 567-568 
Morula, formation of, 420 
Mouse 

estrous cycle of, 144 
induced ovulation in, 82 
Mucus, vaginal 

chemical composition in cow, 243 
cyclic changes In 
cow, 242 
mare, 281 
Mucus 

effect of hormones in cow on, 499 
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Mullenan ducts, 4, 11, 13, 15, 17, 30, 31 
Mullenan tul>erc]e, 11 
Myometnum 
bovine, 21 

cycbc changes in cow, 238 
m man, 21 
in die rat, 21 

N 

Nervous system 

centers controlling sexual act, 204 
effect on 

lactation, 555'559 
parfunfion, 214-213 
gonadotropin secretion control by, 186- 
203 

humoral transmission to anterior pitui- 
tary, 194-198 

lactabon conbol by, 215-216 
nerve fibers controlling anterior pitm- 
tary, 192-194 

ovanaa bonnone released following 
afferent sbmulabon, 199 
pituitary secrebon conbol, 192-196 
Neural factors 
influencing partunbon, 527 
Neurohypophysis, effect on lactabon, 559 
Neurohumoral agents, effect on pitui- 
tary, 256 
Nidabon 

blastocyst as stimulus for, 473 
bme of, in conv, 499 
Nitrogen relenbon 
effect of androgens on, 115 
Nuclear chromatin body, 3 
use in diagnosing tlie genetic sex, 1 
Nursing 
effect on 

prolactin content of pituitary, 552 
Nutnbon 
effect on 

breeding efficiency in marcs, 275 
cstrous c) clc in dog, 384 
gestation length, 515-510 
sexual season in c%n c, 292 
endocrine imbilmce due to Insvif- 
ffeienej*, 526 
of ooc>-te, 401 

pirtuntion <Mii<ecl by insufficiencj of, 
510 


Nymphomann 
in dog, 366 

esbogen mjechon as cause of, 677 

O 

Oocyte 

chromosome number in, 401 
maturabon of, 401-404 
nubibon of, 401 
secondary, 402 
size of mammalian, 142 
structure of, 400 
Oogenesis in dog, 373 
Os penis 

in Carnivora, 41 
in Chiroptera, 41 
in Marsupiaha, 51 
m primates, 51 
in Rodenba, 51 
Ova, see Ovum 
Ovarian bursa in dog, 369 
Ovarian follicle 
abesia in cow, 231 

chemical composibon of fluid in cow, 
231 

glycogen in, 233 
growth of, 142 
in cow, 232 
in ewe, 297 
maturabon of, 6 
maturabon m dog, 372 
zegression in mare, 278 
structure of, 400 

Ovanan tissue, survival after freezing, 20 
O\anoctomj 
age and, 129 
effects of, 129-130 
on anterior pituitary, 130 
m birds, 130 
m mammals, 130 
on pregnanej’ in gont, 500 
0\nry, see oho under individual j^ecies 
age clianges in dog, 374 
agenesis of, 1 
ailaltne phosphatase in, 20 
anatomy after birtli, 18-20 
anatom} of 
in dog. 309 
in marr, 277*278 
onestrous condition in mire, 278 
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ascorbic acitl in, 20 
compensatory li)TW:rtrophy of, £0 
cyclic changes 

In chemical composition In sow, 313- 
3-U 

In cow, 231 •23-1 
In clog. 372-370 
in marc, 279-280 
in sow, 311-345 

cj'stic, causing njTnphomama in slogs, 
300 

dependence of accessory set organs 
upon, 60 

dispensability of, during pregnancy, 
8-4 

d>’sgcDesb, 1 
effort of 

androgens on, 120 
eejuine gonadotropin during preg- 
nancy on, 497 
estrogen on, 132 
estrogen in marc on, 271 
progesterone on, 138 
removal, on cstrous cycle in dog, 360 
on pregnancy, 474 
estrogen content In sow, 344 
gonadal blastema of, 2 
granulosa cells of, 4 
Klstochemlcal studies of, 20 
hormone content In sow, 344-345 
interstitial cells of, 8 
lymphatic drainage in human, 20 
medullary sex cords, 9 
palpation in mare, 278 
pregnancy inducted changes in, 471- 
475 

prepuberal development 
in dog, 362 
in sow, 330 
primordial follicles, 5 
primordium of, 2 
progestin content in sow, 344-345 
relative activity between ri^t and 
left in cow, 230 
relaxin content 

in pregnant sow, 500 
in sow, 345 

secondary sex cords of, 3 
in sow, 341-345 

transplantation after freezing, 20 


Os’ary, luiman 
dcddiia-like tissue In, 20 
Oviduct 

alkaline' phosphatase In, 21 
cells of FcjTter In, 21 
chemical composition of fluid In cosv, 
243 

chemical constituents In, 430 
cyxllc changes, 21 
In cosv, 231 
In dog, 377 
In ewe, 298 
development of, 11-13 
of dog. 309-370 
epithelium of, 21 
estrogen and, 132 
motility of, in sow, 310 
muscuUturc of, 20 

rate of passage of ova Ihrotjgh, in 
sow, 310 

transport of zygote, 428 
Ovulation, 142 
control of, in ewe, 309-312 
in cow, 232, 254 
In dog, 373 
in ewe, 290-298 

drop blocking copulation-induced, 
200-201 
effect of 

atropine in cow on, 255 
gonadotropin In mare on, 286 
o^ocin in cow on, 238 
hormonal control In ewe, 325-328 
hormonal factors necjessary for, 81'83, 
472 

induction by hypothalamic stimulation, 
199 

induction in 

farm animals, 81-82 
monkeys by homologous pituitary 
preparations, 78 
several types of rodents, 82-83 
mechanism of, 404 
in cow, 259 
in mare, 278 
multiple, in mare, 280 
neural control of, in ewe, 310 
neurohumoral mechanisms in coW, 
255-256 

progesterone block in ewe, 320-327 
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in sow, 342, 349 352 
tune of, 405 
in cow, 226 
in dog, 373 
in mare, 279-280 
Omlahon fossa 
mare, 278 
Ovulation rate 

breed differences in sow, 350 
effect of 

“flushing” in sow on, 350-351 
inbreeding m sow on, 350 
nutntionaf deflciencies m sow on, 
352 

sexual age m sow on, 350 
in sow, 350-352 
Ovum 

activabon follomng fertflization, 4l4 
age and number shed m ewe, 2^- 
298 

external migrabon of, 406 
fertilization and development of, 

432 

formation from mesothehum, 5 
incomplete maturation of, 417 
migration through oviduct m dog, 3Qo 
multiDUclear, 6 
production after birth, 18-19 
size in mninmals, 401 
speimatozoon penetrabon, 412 
supplementary spermatozoa in rabbit 
and, 413 

transplan tahon of, 81 
transport of, 405 
in cow, 230 
in eN\e, 298 
in sow, 346 
vnabihty of, 406 
in dog, 374 
in mare, 286 
wastage of, 142 
Ox)tocm, see also Pituilnn 

in blood after slimuhljon of vulva, 179 
effect on 

tstrous cjolo in cow, 253, 258 
17-l<etos(cro{d excretion, 258 
ox-ufalfon in cow, 2SS 
prolictin content of prtuitir}', 553 
spermatozoon tnnspott, 407 
iilcnno contraction^. 17S 


formabon in placenta, 531 
labor mduced with, m sow, 531 
m milk release control, 215 
prolicbn release stimulated by, 202 
reflex release during labor, 527 
m relahon to artificial insemmabon, 
179 

m reproduebve processes, 177-180 
role m 

inibatmg partunfaon, 489 
partunbon, 530 

semmal fluid transport, 178-180 
suckDng as refease stimulus, 2Iff-2I6 
ulenne sensibvity at term to, 214 
Oxytocinase 
in prolonged labor, 531 

P 

PMS, see Gonadotropin, equine 
Pancreas, effect on lactabon, 554 
Parabiosis 

effect on pregnancy m rats, 528 
intoxicabon due to incompahbility, 528 
Paratliyroid 

effect on lactabon, 555 
role m pregnancy, 478 
Parthenogenesis, 427 
Partunbon, 522-533 
in dog, 383 
effect of 

fetal pituitary on, 531 
hypothalamus on, 214-215 
posterior pituitary on, 214-215 
endoenne factors initiating, 528 533 
influence of estrogens on, 529 
initiation of, 526-533 
hormone decrease and, 528 
influence of phj’sic'il factors, 533 
* insiiflicjcnty of felnl imtnbon theory”, 
516 

mechanisms controlling Inctition at, 
559-565 

moblily patterns of utenis preceding, 
530 

neuril control of titcnno muscle, 211- 
215 

neuraf thefors ihffucneing. 

527 

owlocinnsc in prolongetl lalxrr, 531 
progesterone le\xls ns rclatexl to 528 



644 


SUBJEJCT INDEX 


progesterone-estrogen ratios and, 530 
role of 

hypothalamus in, 531 
oxytocin in, 489-530 
relaxin in, 532 

time of estrus in relation to, in sow, 
340 
Penis 

anatomy of, 49-54 
effect of androgen on, 122 
erectile tissue of, 49 
sigmoid flexure of, 52 
vascular supply to, 52-54 
Perivitelline space, 401 
Photoperiodism 

eye as receptor, 188-189 
lack of, in tropical animals, 187 
refractoriness, effect on, 190 
Pineal gland 

tumors inducing precocious puberty, 
212 
Pituitary 

neural control of secretion, 192-196 
Pituitary ablation, see Hypophysectomy 
Pituitary, anterior 
acidophils of, 249 
cyclic changes 
in cow, ^AlI 

in gonadotropin content in sow, 348- 
349 

in sow, 347-349 
delta cells in cow, 247-249, 256 
dependence of 
body growth on, 60 
gonads upon, 60-67 
other glands upon, 60 
effect of 

castration on, 122 
estrogens on, 117 
estrogens in mare on, 286 
ovariectomy on, 138 
oxytocin on prolactin content of, 
553-554 

progesterone on, 138 
steroid hormones on prolactin con- 
tent of, 550-551, 553 
function during pregnancy, 83-84 
gonadotropic activity in mare, 271 
gonadotropin content 
during pregnancy, 470 
in smv, 336-337 


milk yield affected by, 579-582 
nerve fibers as controlling factor, 192- 
194 

neurohumoral agents controlling, 194- 
190 

pregnancy cell of, 475 
prolactin content 
during gestation, 551 
as influenced by nursing, 552 
during pseudopregnancy, 551 
role in pregnancy, 475-478 
size during pregnancy, 475 
in sow, 347-349 
stalk section effect on, 194-195 
stimulation by gonadotropins, 105 
transplantation effect on gonads, 195- 
196 

Pituitary, fetal 

effect oa parturition, 531 
Pituitary gonadotropic complex; FSK 
and ICSH (LH), 67-75 
Pituitary gonadotropins, see Gonadotro- 
pins, pituitary and individual hor- 
mones 

Pituitary, posterior 
effect on 
lactation, 558 
parturition, 214-215 

homones secreted by hypothalamus, 

257 

role in pregnancy, 479 
Pituitary stalk, effect of severing on an- 
terior pituitary, 194-195 
Pituitrin, effect on uterine motility in 
sow, 346 
Placenta 

adrenal cortical steroids in, 492 
adrenocorticotropin secretion by, 493 
biochemical changes at term, 526 
chorioallantoic, 451 
classification of, 43S 
cotyledons of, 457 
definition of, 434 

degeneration in late pregnancy, 525 
development of, in mare, 454 
effect on mammary development, 546 
endocrine functions of, 491-494 
endometrial cup formation, 497 
endotheliochorial, 459-481 
formation of, 459 
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epzlheliochonal, 453-456 
estrogen secretion by, 492 
formation of, in dog, 459 
gonadotropin activity in, 493 
hematoma in, 460 
labyrintli of, 460 
maturation in dog of, 460 
morphological divisions in mare, 455 
Otytocm in, 531 

progesterone metabolites in, 492 
regional differentiation in carnivora, 
437 

relaxm content in rabbits, 493 
syndesmochorial, 456-459 
bssue relationships of, 452 
"uteroverdm" pigment m dogs, 460 
Placentome 
in cow, 449 
definition of, 457 
Polar bodies, formation of, 402 
Polyspermy, in mammals, 409 
Posterior pituitary, see Pituitary, posterior 
Postenor pituifeiry hormones, secretion 
by hypothalamic nuclei, 257 
Postpartum 

involution of uterus during, 525 
Postpartum cstms, in sow, 340 
Postweamng estrus, in sow, 340 
Pregnancy, see also Gestation and Ges- 
tation length 

adrenal corbcal steroids during, 486 
ameliorating effect on adrenalectomy, 
478 479 

definibon of, 470 
effect of 

adrenalectomy on, 479 
corpus luteum removal on, 499 
estrogen on, 472 
hypophysectomy on, 474, 477 
ovariectomy on, 474, 500 
parabiosis in rats on, 528 
placenta on, 474-475 
endocnne mechanisms during, 469-507 
estrogen titers during, 482 
function of estrogens during, 475 
horraon'il factors necessary for, 83-84 
hormone levels during, 479-489 
munlcmncc of 
after ovariectomy in cue, 501 
following ovaneclomy, 474 


mammary glands in, 490 
maternal endocnne functions, 471-491 
ovanes during, 471-475 
pituitary hormone content during, 476 
pituitary size dunng, 475 
pregnanediol excrebon dunng, 483 
progesterone and, 138-139 
progesterone concentrabon in blood, 
485 

relaxm m, 474 
role of 

anterior pituitary in, 475-478 
parathyroid during, 47 
thyroid in, 478 

steroid excrebon, in sheep, 501 
steroid hormone levels dunng, 480- 
487 

utenne groivth dunng, 489 
Pregnancy diagnosis 
in mares, 89-90 
in women, 89-90 
Pregnanediol, 139 

uruiary ercrebon dunng pregnancy, 
483 

Pregnant mare serum, see Gonadotropin, 
equme 

Pre^enolone in testes, 34 
Prepuce, anatomy of, 54-55 
Prepuberal development lu sow, 336-337 
Prepubal glands, effect of androgen on, 
124 

Pnmary folhcle, cow, 231 
Primary sex cells, 2 
Pnmary set cords, 2, 3 
Primates, anatomy of uterus, 21 
Proestnis 

definibon of, 140 
manifestations in dog, 365 
Progesterone, 118-119, 137-140, see also 
Gonadal hormones 
assay of, 139-140 

blockage of ovulatton in ewe inth, 
326-327 
blood levels 
in cow, 254 
in eive, 118, 303 
after mjeebon, 118 
dunng menstrual cjcle, 118 
m pcnphcril circuhtton following 
Injection, 118 
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in pregnant sliccp, 501 
in pregnant «-omcn, US 
prior to and at parturition, 528 
in rabbit, 118 
chemical structure, 113 
control of pituitary by, 70 
deciduoma reaction and, 137 
effect on 

estrous cycle in cow, 250 
in dog, 390 
in sow, 353-354 
fertility of cow, 251 
mammary gland, 139 
ovar)’, 138 

phosphatase activity in cow uterus, 
245 

pituitary gland, 138 
utenis, 137 

estrogen rah'o in parturition, 530 
estrus produced by, 205 
functions of, 473 

induction of estrus in ewes with, 313 
interaction with estrogen, 137 
metabolic effects of, 118 
organs producing, 114 
placental secretion of, 492 
In pregnancy, 138-139 
prolonged pregnancy and, 139 
psychic estrus and, 138 
requirements during pregnancy, 83 
role in female, 137-139 
secretion during estrous cycle of cow, 
500 

secretion by follicle, 233 
synergism >vith estrogen in do^ 387 
titers in blood during pregnancy, 485 
Progestins 

20-hydroxypregtienone in sheep, 529 
in sow ovary, 344-345 
structure of, 113 

Progestogens, see also individual coat- 
pounds and Progestins 
Progonadotropins, 77-78 
Prolactin 

control of secretion, 201-202 
effect on 

mammary grow’tb, 544 
milk yield, 581 

estrogens and pituitary content of, 549 
estrous cycle and, 141 


initiation and maintenance of lactation 
by, 5^17 

pituitary content 

nursing stimulus and, 552 
oxyiocin and, 553 
physiological factors and, 548 
pregnancy and, 477, 551 
pscudopregnancy and, 551 
steroid liormones and, 550, 553 
prolongation of life of corpora lutea 
by, 74 

release stimulated by oxytocin, 202 
source of, 547 

specific action on mammary alveolar 
cells, 548 

as third gonadotropin, 74-75 
witches milk and, 489 
Prolonged gestation, 519-522 
in cattle, 520 

influence on size of fetus, 521 
inlierilance of, 520 
labor in, 521 
in mare, 520 

milk secretion following, 521-522 
pathology of 
in Guemsej’S, 521 
in Holsteins, 520 
PfOnucleus 

formation of male and female, 414 
synthesis of DNA by, 415 
Prostate 

anatomy of, 42-47 
development of, 30 
effect of androgen on, 123 
enlargement in do^ 47 
Prostatic utricle, 17 

Protein anabolism, effect of estrogen in 
ruminant on, 116 
Pseudoestrus, in mare, 269 
Pseudohermaphroditism, 12, I5 
Pseudohypophysectomy, 86 
Pseudopregnancy, 141 

clinical aspects in dog, 381-384 
effect on uterine infection in dog, 391 
induction of, 473 

mammary development in dog during, 
383 

pituitary prolactin content during, 551 
Puberty 

age of cow at, 224 



SUBJECT INDEX 


647 


in dogs, 362 
effect of 

inbreeding in sow on, 337-338 
nutrition 
in cow on, 224 
in sow on, 338 
fertility and, 129 

gonadotropic hormone induction of, 
213 

neural regulation of onset, 211-214 
ovigenesis in relation to, 19 
precocious, due to brain damage, 211- 
212 

in relation to season in sow, 338 
role of estrogen at, 129 
in sow, 337-338 

R 

Rabbit 

estrous cycle of, 144 
gestation length, breed differences in, 
513 

induced ovulation in, 82 
Rat 

anatomy of uterus, 21 
effect of 

androgen on perineal muscle, 122 
fetal hypophysectomy in, 16 
parabiosis on pregnancy in, 528 
estrous cycle of, 144 
hypophysectomy during pregnancy, 
83-84 

hypophysectcjmy and replacement 
therapy, 60-67 
induced ovulation in, 82 
metrial gland of, 22 
response to gonadotropins in, 66-67 
Refractoriness, photoperiodism affected 
by, 190 

Relaxin, 22, 146-147 
assay of, 147 

blood titers during pregnancy, 489 
cdicmieal nature of, 146 
content in sow ovary, 345 
effect on 

cervir of co%v, 240, 500 
mammaiy' gland of cc<*e, 501 
effect in sow, 355 
estrogen and, 146 
functions of, 474 
mammary gland gross th and, 147 


organs containing, 146 
ovarian content in pregnant sow, 500 
physiological actions, 146 
in placenta of rabbits, 493 
progesterone and, 147 
role in parturition, 532 
sites of formation, 532 
synergism svith estrogen, 532 
Reproduction 

adrenal hormones and, 172-177 
dietary-hormonal interrelations in, BB- 
SS 

effect of 

afferent stimuli from genital tract, 
192 

endemic goiter on, 157 
temperature on, 190-191 
thyroid hormone on, 584 
gonadal hormones and, 111-154 
oxytocin and, 177-180 
pituitary gonadotropins and, 59-110 
role of 

hypothalamus in, 188-191 
thyroid hormones and, 157-172 
visual contact as a component, 191 
Reproductive cycle, light as controlling 
factor, 186-191 
R^roductive organs 
anatomy after birth, 18-23 
of fetal dog, 361 
size in cow, 230 
Rete cords, 2 
Pete ovarii, in dog, 376 
Rete testis, anatomy of, 36 

S 

Sdi'veigger-Seidel technique, isolah'on of 
uterine glands by, 21 
Scrotum 

anatomy of, 40-41 
blood vessels and nerves of, 40 
effect of androgen on, 122 
external cremaster muscle of, 40 
fascia of, 40 
tunica dartos of, 40 
Season 

effect on gestation length 
in cow, 514 
in ewe, 515 
in goat, 515 

effect on implantation of fchis, 514 
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Secretion of pituitary gonadotropins, 
regulation of, 78-80 

Semen 
of dog, 392 

effect of estrogens on, 133 
site of deposition, 406 
volume of ejaculate in ^-arious species, 
400 

Seminal %-esiclcs 
anatomy of, 47 
of boar, 47 
development of, 30 
of ruminants, 47 
of stallion, 47 
Seminiferous tubules 

effect of androgen on, 125 
length of, 32 
Sertoh cells, 33, 69 
bistochcmical studies of, 34 
tumors of, 34 

Sex differentiation, role of developing 
gonads on, 13-18 

Sex drive, effect of androgens In female, 
126 

Sex hormones, see individual compounds 
Sex reversal 
effect of 

androgens on, 127 
hormones on, 495 
Sex sVin, effect of estrogens on, 118 
Sexual behavior, in dog, 365-360 
Sexual maturity, deSnition of, 119 
Sexual season, see also Breeding season 
in ewe, 292 

influence of psydiic factors on, 294 
"Silent” estnis 
in e%ve, 294 
in mare. 269, 285 
in sow, 339 
Sinovaginal bulbs, 12 
Somatotropin, see Growth hormone 
Sow 

activity during estious cycle, 349 
anterior pituitary of, 336-337, 347-349 
corpus luteum of, 342-343 
cyclic changes 

in anterior pituitary, 347 
in genital organs, 341-349 
in ovary, 341-344 
in oviduct, 343 


in uterus, 345 

in vulva during estrous cycle, 349 
duration of cstrus in, 339-340 
effect of 

adrenaline on uterine motility, 340 
estrogens on estrous cycle of, 3o4- 
355 

"flushing^ in, 350-351 
gonadal hormones in, 333-355 
gonadotropins in, 332-333 
nutritional dcBciencies on ovulation 

rate, 352 

pituitrin on uterus, 346 
progesterone on estrous cj’cle of, 
353-354 
relaxin, 355 

estrogen content in ovary of, 344 
estrous cycle of, 335*357 
experimental modiScatiDn of estrous 
cycle, 352-355 
gestation length 
paternal influence on, 513 
relation to age of dam, 519 
gonadotropin content of pituitary, 343- 
349 

honnone content of ovary, 344-345 
induced ovulaUon in, 82 
labor induced with o^^ocin in, 531 
motili^ of oviduct in, 346 
ovarian development in, 336 
ovary of, 341*345 
ovulation in, 342, 3494152 
postpartum estrus in, 340 
postweaning estnis in, 340 
prepuberal development of, 338-337 
progestin content of ovary, 344-345 
puberty of, 337-338 
relaxin content of ovary, 345 
“silent" estrus of, 339 
time of estrus in relation to parturi- 
tion, 340 

transport of ova through oviduct, 346 
uterine motility during estrous cj'cle, 
346 

uterus of, 345-348 
vagina of, 346-347 

Species specificity, of pituitary gonado- 
tropins, 77-78 

Spermatic artery, branches to epididymis, 
35 
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Spermatic cord, 35 
Spermatogenesis, 33 
Spermatozoa 
eapacitation of, 408 
capacitation in cow, 227 
effect of 

oxytocin on transport, 407 
uterine contractions on transport, 
407 

fertile life of, 408 
hyaluronidase in, 411 
nnrober at hrtihzstion site, 403 
number in ejaculate, 408 
penetration through 
cumulus oophoms, 411 
\atellus, 412 
zona pellucida, 411 
perforatorium of, 412 
pressure of fluid and movement of, 37 * 
rate of transport in female, 407 
supplementary, penetrating zona pel- 
ludda, 413 
transport of 
in uterus, 407 
in e^ve, 299 

viability In tract of mare, 286 
zona lysin of, 412 
Stallion 

prostate of, 42-43 
Sterility 

and estrogen in male, 133 
Steroid hormones, see also individual 
compounds 
effect on 

gonadotropin production, 78 
prolactin content of pituitary, 533 
sources of, 114-115 
Steroid nucleus 
nomenclature of, 112 
Stilbestrol, effect on vagina of cow, 240 
Suckling, effect upon maintenance of 
lactation, 555 
Superovulation, 81 
in cow, 252 
in ewe, 326 
SjTicrgism 

between gonadotropins, 72-74 
non specific, 72 
S^-ngamy, 414 


T 

Temperature, reproduction affected by, 
186-187, 190-191 

Testis 

anatomy of, 31-36 
biosynthesis of testosterone by, 114 
direct effect of androgens on, 125 
effect of androgen on, 124 
elevatioa of, 40, 41 

internal spermatic artery of horse 
fetus and, 34 
interstitial cells of, 2 
light as stimulus to growth of, 187 
mediastinum of, 31 
pituitary changes due to, 202-203 
production of estrogen in stallion by, 
72 

reciprocal action on pituitary, 115 
seminiferous tubules of, 32 
shape of, in domestic animals, 31 
thermal regulation of, 40 
vascular supply to, 34-36 
venous drainage of, 35 
Testosterone 

biosynthesis by testis, 114 
chemical structure of, 112 
17-ethyl-l 9-nor-teslosterone 
chemical structure of, 113 
Thiouracil 
effect on 

body growth, 162 

ovarian response to gonadotropins, 
162 

reproductive organs of male, 162, 
165, 171-172 
Thyroid 
effect of 

ambient temperature on, 159-161 
hypo- and hj’pcrthj'Toidism on re- 
sponse to gonadotropins, 161-162 
removal on lactation, 478 
effect on mammary dewlopment, 545 
in female reproduction, 162-164 
in fetus, 496 

mteirelationship w^tli adrenal, 177 
in male reproduction, 16-4-166 
relation to cstrous c\’cle in cow, 250 
role of 

in pregnane)*, 478 
in reproductU'e processes, 157-172 
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Thyroid hormone 

causes of diversity of results with, 
169-170 
effect on 

egg production in idiiclcens, 168- 
169, 172 

eggshell thickness, 169 
milk yield, 582 
semen of birds, 166-188 
Thyroidectomy 
effect on 

libido of bull, 165 
tile male, 165 
pregnant animals, 164 
influence on estrous cycle in cows, 163 
Thyroprotein 
effect on 

body growth in cockerels, 167-168 
egg production and quality, 168-169 
growth of mice, 162 
the male, 165-166 
rabbit, 165 

reproduction in cows, 163-164 
semen production in cockerels, 167- 
168 

testes weight in cockereb, 167 
effectiveness of, 159 
Thyroxine 
secretion rate 

individual variations in, 158-159 
seasonal variations in, 159-160, 164- 
165, 170 
Trophoblast, 424 
TubuU recti, 36 
Tunica albuginea, 31-32, 35 

u 

udder congestion relieved by estrogen, 
588 

Ureter, agenesis of, 11 
Urogenital sinus, 11-13, 15, 18, 31 
Uterine glands, metestrous atrophy in 
dogs of, 378 

Uterine milk, relation to nutrition of early 
embryo, 430 
Uterine motility 
effect of 

epinephrine on, in cow, 248 


sexual stimulation in cow on, 257 
nature of, in &ow, 346 
Uterine tubes, see Oviduct 
Uterosacral ligaments, 20 
Uterovaginal canal, 11, 13 
from fusion of Mullerian ducts, 11 
Ulwovcrdin, 460 
Uterus 

anatomy of, 21, 230, 370 
in cow, 230 
in dog, 370 

chemical composition of fluid in cow, 
243 

cydic changes 
in cow, 236-238 
in dog, 378 
in ewe, 299 
in mate, 282 
nature of, 143 
In sow, 345-346 
development of, 11-13 
effect of 

adrenaline on motility in sow, 346 
estrogen on, 131 
pituitrin on motility in sow, 346 
progesterone on, 137 
epithelial regeneration of interearuncu- 
lar area, 458 
growth in pregnancy, 489 
involution of, after paituritioTi, 229, 
490, 525 

lymphatic drainage of, 23 
motility of 

preceding parturition, 530 
in sow, 346 

pressure within, during labor, 524 
round ligaments of, 12, 20 
spontaneous motility in cow, 245 
Uterus masculinus, 30-31 
in boar, 31 
in bull, 31 
in dog, 31 
in stallion, 31 
uterine glands in, 31 
Utriculus, prostatic, 30 

V 

Vagina 

alkaline phosphatase in rat, 23 
anatomy in dog, 371 
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cyclic changes 

in cow, 239 
in dog, 379 
in mare, 281, 371 
nature of, 143 
in sow, 346-347 
cytoplasmic fibrillae of, 23 
development of, 11-13 
oH of secretions in mare, 284 
Paginal slices, response to estrogens m 
tissue culture, 117 
Vaginal smear 
cyclic changes 

in cow, 241 
in dog, 379-381 
in ewe, 300 
in mare, 283 

Vas deferens, development ot, JU 
Vesiculase, 124 

Vitamin E deficiency, semmderous tu- 
bules, degeneration and, 5/ 
Vitellochorion 
definition of, 437 

Vitellus, 400 e A^o 

spermatozoon penetration ot, 4i- 
Vulva 

changes in relation to estrus .n sow. 

341, 349 
vestibule of, 13 


"Wakefulness” . 

mechanism of photoperiodio sbmula- 

tion, 189 

Witches milk, prolactin and, 489 
Wolffian duct, 4, 11, 12, 13, 17, 30 
Woman 

induced ovulation in, 82 
pregnancy diagnosis in, 89-90 

X 

X-irradiation, effect on estrous cycle in 

dog, 38o 

Y 

Yolk sac 
in cat, 441 
in cow, 440 
definition of, 438 
in dog. 441 
in ewe, 440 
in mare, 441 
in sow, 440 ^ 

Zimmerman reaction, 129 
Zona pellucida. 400 

reaction following fertilization. 413 
spermatozoon penetration of, 411 

cleavage ot, 4itt 



